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FOREWORD 


The  part  of  the  research  documented  in  this  report  vfaich  vas  performed 
at  Rocketdyne  vas  sponsored  by  the  Aerospace  Research  Laboratories; 

Air  Force  Systems  Conmand,  United  States  Air  Force,  Wrigbt-Patterson 
Air  Force  Base,  Ohio.  The  vork  vas  performed  under  Contract  F336I5-70- 
C-1216,  technically  monitored  by  Dr.  H.  Leon  Harter,  and  vas  a  part  of 
Project  7071,  Research  in  Applied  Mathematics. 


ABSTRACT 


This  report  consists  of  two  ptapers,  both  of  which  apply  to  two-parameter 
Weibull  and  extreme-value  distributions.  In  the  first  paper,  which 
is  by  Nancy  R.  Mann,  Ernest  M.  Scheuer  and  Kenneth  W.  Fertig,  a  new  good- 
ness-of-fit  test  for  the  two -parameter  Weibull  or  extreme-value  dir-tribu- 
tion  with  unknown  parameters  is  developed.  Its  power  with  respect  to  ana¬ 
logues  of  fo\ir  classical  tests  is  investigated  and  tables  are  given  for 
using  the  test  with  samples  of  size  n,  n  =  3(l)25,  censored  at  the  mtb 
smallest  observation,  m  =  3(l)n. 


The  second  paper,  by  Nancy  R.  Mann  and  Kenneth  W.  Fertig,  gives  tables  of 
values  for  obtaining  confidence  and  tolerance  bounds  from  best  linear 
invariant  estimates  of  parameters  of  extreme-value  distributions.  The 
tables  apply  to  censored  samples  of  size  n,  n  °  3(l)25. 
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A.  A  mi  GOODNESS-OF-FIT  TEST  FOR  THE  TWO»PARA- 
METER  WEIBULL  OR  EXTREME-VALUE  DISTRIBUTION 
WITH  IJNKNOWN  PARAMETERS 


SUMMARY 


A  new  test  of  fit  to  the  two-parameter  Weibull  or  extreme-value  distri¬ 
bution  with  unknown  parameters  is  developed  in  this  paper.  This  test  is 
shown  to  have  desirable  power  propertios,  relative  to  analogues  of  certain 
"classical"  tests,  against  two  important  classes  of  alternatives.  The  test 
statistic  is  easy  to  calculate  and  can  be  used  for  censored  samples.  Per¬ 
centage  points  and  certain  expected  values  which  are  needed  to  implement 
the  test  are  provided  for  samples  of  sixe  3(l)25. 
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1 .  INTRODUCTION 


There  is  a  wealth  of  literature  concerning  wha't  are  known  as  "goodncsa- 
of-fit”  tests  or  "distance"  tests  that  a  sample  was  drawn  from  a  distri¬ 
bution  with  specified  parameters.  There  is,  for  example,  the  Kolmogorov- 
Smirnov  test  (see  Darling  [fi]),  the  Creuner-von  Mlses  test  (see  Darling  [o]), 
the  Kuiper  test  [l3],  and  the  Anderson-Darling  variation  on  the  Cramer-von 
Mises  test  ([l]  and  [2]). 

Some  of  these  are  discussed  by  Cox  and  Lewis  [b],  and  the  power  of  certain 
of  these  tests  against  various  alternatives  has  been  investigated  by  Brunk 
[4].  Birnbaum  and  Pyke  [3]  have  examined  other  properties  of  statistics 
used  in  some  of  the  tests. 

David  and  Johnson  [t]  have  shown  that  if  the  distribution  in  question  has 
only  a  location  and/or  a  scale  parameter,  goodness-of-f it  tests,  such  as  those 
listed  above,  which  depend  upon  the  probability  Integral  transformation  are 
independent  of  the  true  pareuneter  values  when  one  substitutes  invariant  es- 
timatej  for  them.  (By  an  invariant  estimator  we  mean  bore  one  which  is  a 
function  of  a  maximal  invariemt  and  su<:h  that  the  mean  squared  error  is  in¬ 
dependent  of  a  location  pareimeter,  or  invariant  under  translations.) 
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Using  this  fact,  Lilliefors  has  tabulated  critical  values  of  the  Kolmogorov- 
Smirnov  statistic  for  normal  and  exponential  distributions  vith  parameters 
estimated  from  the  sample  (C 15]  and  [l6],  respectively). 


Motivated  by  Lilliefors'  efforts,  ve  first  set  out  to  construct  tables  simi¬ 
lar  to  his  for  the  two-parameter  Weibull  distribution  where  the  parameters 
are  replaced  by  estimates.  However,  in  correspondence  with  the  present 
authors,  Lilliefors  stated  that  a  number  of  (unpublished)  Monte  Carlo  trials 
he  has  conducted  indicate  tnat  certain  other  of  the  classical  distance  tests, 
with  estimates  substituted  for  parameters,  appear  to  provide  higher  power 
against  certain  alternatives  than  does  the  Kolmogorov-Smirnov.  Thus,  we  en¬ 
larged  the  original  scope  of  our  wo  ..  to  consider  these  other  testa  as  well 
as  the  Kolmogorov-Smirnov.  Additionally,  we  were  interested  in  testa  based 
on  a  possibly  censored  sample,  not  necessarily  on  a  full  sample. 


During  the  course  of  our  investigation,  a  manuscript  by  van  Montfort  [25] 
came  to  our  attention.  Expanding  on  an  observation  of  his,  we  developed 
two  new  statistics,  which  we  call  L  and  S,  respectively.  We  have  used  these 
new  statistics  to  provide  a  basis  for  a  new  test  of  fit  to  the  extreme-value 
or  Weibull  distribution  with  very  simple  calculations  involved  and  with 
power  against  the  alternatives  considered  greater  than  that  of  any  of  the 
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clagaical  testa  mentioned  earlier.  The  pover  compariaons  are  given  in 
Section  4;  vhe  L  and  S  statistics  are  discussed  in  Section  3;  some  prelimi¬ 
naries  are  dealt  with  in  Section  2;  compatatianal  details  are  given  in  Sec¬ 
tion  5;  the  percentiles  of  S  and  escamples  iJ luetrating  the  use  of  the  teat 
are  given  in  Section  6. 
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2.  PRELIMIKARIES 


The  three-parameter  Weibull  distribution  is  given  by 


P  Ct  s  t]  = 


1  -  exp  |-  C(t-u)/6  t  i  u 
0  ,  t  <  u, 


(1) 


vhere  4,  the  location  parameter,  is  uni'estricted  in  sign;  the  scale 
parameter,  and  3,  the  shape  parameter,  are  positive.  If  4  =  0,  the  distri¬ 
bution  (1)  is  called  the  two-parameter  Weibull  distribution.  If  4  is  known 
then,  of  course,  the  distribution  of  T-p.  is  the  two-parameter  Weibull. 


If  4  =i  0  and  one  makes  the  transformation  X  -  In  T  of  the  two-parameter 
Weibull  random  variable  T,  the  distribution  of  X  is  called  the  extreme- 
value  distribution.  It  i«>  s'iven  by 

(2) 

where  u  =  In  6  and  b  =  (l/3)  >  0.  Note  that  u  and  b  are,  respectively,  lo¬ 
cation  and  scale  parameters  of  the  extreme-value  distribution. 


P  Cx  s  x]  =  1  - 


exp  -exp 


C (x-u)/b] 
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The  tvo  distributions  defined  in  (l)  and  (2)  are  sometiaes  referred  to 
as  the  third  and  first  asymptotic  distributions  of  smallest  (extreme) 
values  or  the  Fisher-Tippett  Type  III  and  Type  I  distributions,  respec¬ 
tively,  (see  Fisher  and  Tippett  [9]).  They  are  often  used  in  survival 
analysis,  both  in  the  biological  and  in  the  physical  sciences,  as  veil 
as  in  many  other  applications  (see,  for  exasiple,  Weibull  [26]). 

The  tests  of  fit  we  discuss  in  this  paper  are  based  on  the  extreme-value 
distribution.  To  make  a  test  of  fit  to  the  Weibull  distribution,  one 
first  takes  the  nattiral  logarithois  of  the  supposed  Weibull  data. 

Among  the  many  procedures  available  for  testing  goodness  of  fit  to  a  com¬ 
pletely  specified  cumulative  distribution  function  F^,  ve  considered  the 
two-sided  Kolmogorov- Smirnov,  the  Cramer-von  Mises,  the  Anderson-Darling, 
and  the  Kuiper  tests.  Their  definitions  and  computing  forma  are  given 
below.  AH  are  based  on  unoeneored  ordered  8ajaq>les  <...<  X^  and  P^, 

which  denotes  the  empirical  cumulative  distribution  function: 

F^  (x)  =  (number  of  X^'s  <  n)/n. 

The  two-sided  Kolmogorov-Smiroo v  statistic, 

~  I  F  (x)  -  F  (x)  I  =  max  (D  D  ) 

n  n  o  '  n  n' 
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where 


D  ^  “  8up 

e  laax 

l*i*n 

o 

■H 

D_  =  aup 
^  _«<x<“ 

1  ''«(*)  -  ",<•) ! 

=  max 
l*i<n 

1 

♦H 

1 

X 

'w' 

o 

the  Crame^r-von  Misea  etatiatic.  u»  ^ 

— ^ - -  Q 

•=  l/(l2n^)  +  (l/n)  ^  "  (2i-l)/(2n)J  ^ 


the  -Anderaon-Darlini^  statistic.  W  ^ 

*  ”  0-^*  1  i 

=  -n  -  (l/n)  ^  [(2i-l)  lau.  ^  (2n-2i+l)  In  (l-U^)]  , 


where 


U,-  =  F  (X.)  ; 

1  o  '  i'  ' 


and  the  Kuiper  statistic,  V 

» —  n 

V  =  range  of  difference  between  F  (x)  and  F  (x) 
n  ®  o  n' 

=  D  *  +  D  ■  . 

n  n 


We  made  Monte  Carlo  studies  of  the  power  of  the  analogues  of  these  tests 
against  two  alternatives  with,  instead  of  a  completely  specified  distribu¬ 
tion  function,  invariant  estimates  substituted  for  the  parameters  appearing 
in  F^(X^)  (where  is  an  ordered  saoiple  variate  from  the  extreme-value  dis¬ 
tribution  given  by  (2),  or,  equivalently,  =  exp  (X^)  is  an  ordered  sample 
variate  from  the  two-parameter  Weibull  distribution  given  by  (l)  with  u  *  O). 
Alternatives  considered  were  that  was  from  a  log-normal  population  (X^  was 
from  a  Gaussian  population)  amd  that  was  frbm  a  particular  tbree-parameter 
Weibull  population,  with  u  =>  lOfi  etnd  6  =  1  or  3  **  .5. 


The  reason  for  using  two-sided  analogues  of  the  classical  tests  is  that  for 
alternatives  of  interest,  particularly  those  considered  in  the  power  tests, 
the  function  under  the  alternative  "crosses"  F^(X^)  under  the  hypo¬ 

theses  at  least  once  in  the  range  of  X. 
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The  function  F^(X^)  with  Gaussian  variates  substituted  should  tend  to 
be  somewhat  more  symnetrically  S-shaped  than  when  the  are  extreme- 
value  variates.  (There  is,  of  course,  some  modification  when  estimates 
are  substituted  for  parameters.)  Hence,  the  two  functions  would  be  ex¬ 
pected  to  cross  in  the  range  from  minus  to  plus  infinity.  The  three- 
parameter  Weibull  alternative  would  be  used  in  cases  in  which  one  was 
testing  that  he  had  sampled  from  a  two-parameter  Veibull  population  with 
increasing  failure  rate  (0  >  l)  and  mode  6(l-l/e)l/^  near  the  minimum 
life  u  of  the  alternative.  The  three-parameter  Weibull  alternative  would 
have  a  constant  or  decreasing  failure  rate  (P  *  l)  and  the  distribution 
would  have  no  mode.  In  our  power  calculations,  we  have  considered  the 
special  case  u/6  =  10,  B  =  1. 


Comparison  of  the  power  of  analogue#  of  the  classical  tests  with  that  of 
variations  of  the  test  based  on  the  S  statistic,  mentioned  in  Section  1, 
for  various  sample  sizes  is  given  in  Section  4.  We  also  give,  in  Section 
6,  a  table  of  100j,th  percentiles  of  the  S  sUtistic  based  on  samples  cen. 
sored  at  the  mth  of  n  observations  for  X  “  .76,  .80,  .85,  .90,  .95,  .99; 
m  =  3(l)n;  n  =  3(l)25, 
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3.  THE  L  AND  S  STATISTICS 


In  [25],  van  Montfort  statea  that  for  ordered  variates  X.  from  the 

1 1  n 

extreme-value  distribution,  the  quantities 

i.  »  (X  -  X.  )/E  (X.^,  -  X.  );  i  -  1,  .  .  .  ,  n  -  1, 

1  1+1, n  J-iD  '  1+1, n  i»D 


are  approximately  exponentially  distributed  vith  mean  1,  variance  close 

to  1,  and  they  are  nearly  uncorrelated.  (Follovin^  Tukey,  van  Montfort 

calls  these  ^.'s  leans:  the  numerators.  X.  .  -  X.  .  are  called  sans.) 

1  —  ^  ’  i+l,n  i,n  *  ^  ' 


Considering  this  observation  of  van  Montfort,  we  noted  that  is  distri¬ 
buted  approximately  as  chi-square  with  2  degrees  of  freedom.  Also,  we 
noted  that  if  the  were  actually  independent,  rather  than  nearly  un¬ 

correlated,  then  for  a  sample  censored  at  the  mth  of  n  observations  and 
for  r  +  8  <  m  •  n, 


iE'.  /  it 


j=in-r 


L  (r,  8,  m,  n) 


would  have  approximately  the  Snedecor  F  distribution  with  2r  and  28  degrees 
of  freedom.  (We  will  henceforth  suppress  the  arguments  and  write  simply  L.) 
In  fact,  for  certain  values  of  r,  a,  m,  and  n,  we  found  that  some  percen¬ 
tiles  of  the  L  statistic  agree  with  those  of  the  appropriate  F  distribution 
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to  Vi thin  the  linite  of  error  of  our  Nonte  Carlo  procedure.  For  other 
percentiles,  the  agreement  vaa  not  quite  ao  good.  This  means  only  that  one 
cannot  use  already  published  tables  to  obtain  all  critical  values  for  a 
goodness-of-f it  test  based  on  L.  (Ve  note  that  in  any  case,  the  statis¬ 
tic  L  is  invariant  under  transformations  of  location  and  scale  in  X  space.) 


The  important  finding  was  that  the  power  of  a  goodness-of-f it  test  based 
on  L  was  better  against  the  two  alternatives  considered  than  any  of  the 
four  "classical"  tests  mentioned  in  Section  2. 


Ve  devised  the  teat  to  exploit  the  fact  that  the  right-hand  tail  of  the  ex¬ 
treme-value  density  function  is  "shorter"  than  that  of  usual  appropriate 
alternative  distributions,  while  the  left-hand  tail  is  "longer"  (see 
Lieblein  and  Zelen  Cld],  p.  291  for  a  graph  of  the  density  function  of  the 
extreme-value  distribution).  Thus,  the  "upper"  gaps  X.  .  -  X.  (upper 

meaning  that  i  is  closer  to  m-1  than  to  l)  will  tend  to  be  smaller  than 
the  "lower"  gaps  (lower  meaning  that  i  is  closer  to  1  than  to  m-l),  so  that 
e.g. , 


(X 


m,n 


m-l,n 


)  /  (*2.. 


X  ) 

l,n 


(4) 


will  tend  to  be  smaller  under  the  hypothesis  that  the  sample  was  drawn  from 
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an  extrene-value  diatribution  than  under  moat  appropriate  alter¬ 
natives  (in  particular,  those  considered  in  the  power  oaloulations) . 

We  first  considered  using  only  the  ratio  of  these  eztrene  gaps  in  our  test 
statistic,  but  it  became  apparent  from  power  oaloulations  that  other  in¬ 
formation  in  the  sample  should  be  used.  To  include  other  upper  and  lower 
gaps  in  the  numerator  and  denominator,  respectively,  of  (4)  we  cannot  sim¬ 
ply  add  them  because  of  the  "telescoping"  that  would  occur.  To  circumvent 
this,  and  to  capitalize  on  the  previovisly  noted  properties  of  the  L  statis¬ 
tic,  we  baaed  our  test  on  the  ratio  of  sums  of  leaps,  rather  than  on  the 
ratio  of  suois  of  gaps. 

In  calculating  the  expected  values  appearing  in  the  denoiiiinato.''a  of  the  leaps 
we  used  published  tables  [is]  of  the  expected  values  of  the  "reduced"  ex¬ 
treme-value  order  statistics  Y.  •  (X,  -  u)/b.  Of  course,  the  value  of 

L  is  not  affected  if  one  uses  ,  *  (X.  ,  -X.  l/Ti?  (Y...  )-E  (Y,  ) 

J  J+l.n  j,n'/  L  ''  J+l,n'  '  j,n^, 

instead  <>^  equation  (3).  The  diffeiences  j^E  p)-  E  (X^  ^ 

for  n  “  3(l)25,  i  =  l(l)n-l  are  also  given  in  Table  A-6  herein. 

Sampling  studies  concerning  the  optimum  treatment  of  a  sample  censored  at 
the  mtb  of  n  ordered  observations  (optimum  with  respect  to  providing  most 
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powerful  testa)  revealed  that  one  should  fom  L  with  the  average  of  the 
first  111/2  or  (m-l)/2  (whichever  is  an  integer)  leaps  in  the  denominator 
and  the  average  of  the  remaining  leaps  in  the  nxiaerator. 


For  convenience  in  calculating  percentage  points,  we  prefer  to  work  with 
a  statistic  which  takes  on  values  only  in  the  unit  interval  rather  than 
with  a  statistic  like  L  which  can  take  on  any  positive  value.  Since  L  is 
like  an  F  variate  and  since  a  Beta  variate,  Z,  taking  values  only  on  the 
unit  interval,  can  be  obtained  from  an  F  variate  with  and  degrees 
of  freedom  via  the  transformation 

Z  “  (Vj/Vg)  F  /  [1  (v^/v^)  f]  , 

ve  employ  a  similar  transformation  to  obtain  a  new  statistic  S.  Specifi¬ 
cally 

S  =  (r/s)  L  /  [1  +  (r/s)  Lj  , 

which  yields 

ID—  1  -  1  f 

^  ■  E  S ''  E  ‘j  ■ 

j=ni-r  j=l 


13 


14 


4. 


POVTER  COMPARISONS 


In  this  section,  ve  present  tables  showing  the  power  of  analogues,  using 
parameter  estimates,  of  the  (two-sided)  Kolmogorov-Smirnov  test,  the 
CramsV-von  Mises  test,  the  Anderson-Darling  test,  the  Kuiper  test,  and 
several  different  versions  of  the  S  teat.  These  power  calculations  were 
obtainod  by  Monte  Carlo  simulation.  For  the  four  classical  tests,  best 
linear  invariant  eatimates  of  u  and  b  were  substituted  for  the  parameters 
in  Tables  for  obtaining  best  linear  invariant  estimates  of  u  and 

b  are  given  in  [l?];  optimality  properties  of  the  estimators  are  derived 
in  [213  and  comparisons  of  expected  losses  of  the  estimators  with  those 
of  other  invariant  estimators  are  given  in  [c}  and  [l93. 

For  all  the  classical  goodness-of-f it  tests,  the  percentage  points  of  the 
test  statistics  are  based  on  Monte  Carlo  samples  of  size  15,000.  For 
calculating  percentiles  of  the  S  statistic,  the  Monte  Carlo  sample  size 
was  20,000.  For  the  three  other  statistics  mentioned  below  (L,  S,  and  S"), 
2500  samples  were  generated  in  determining  the  percentiles.  In  each  case 
shown  below  in  the  tabulations,  2500  samples  were  generated  in  calculating 
the  power  functions. 


Our  first  case  dealt  with  uncensored  samples  of  size  5.  This  run  was 
made  before  we  had  considered  the  S  statistic  and  is  based  on  an  L  sta¬ 
tistic,  the  ratio  of  the  last  leap,  to  the  first  leap,  Table  A-1 

shows  the  power  of  the  test  based  on  this  statistic  and  of  each  of  tlie 
above-named  classical  tests  of  the  hypothesis  that  the  sample  was  drawn 
from  any  two-parameter  Weibull  distribution  against  the  alternative  that 
the  sample  was  drawn  from  a  three-parameter  Weibull  distribution  with 
U./6  =  10,  3=1  (actually  a  two-parameter  exponential  distribution). 


In  Table  A-1,  and  thereafter,  n  is  the  size  of  each  sample,  m  is  the  cen¬ 
soring  number,  "size"  heads  vhe  column  giving  the  probability  of  type  I 
error,  "L"  heads  the  column  giving  the  power  of  the  L  test  (this  appears 
only  in  Tables  A4  and  A-2,  The  symbol,  S,  referring  to  the  power  of  tlie 
S  test,  appears  in  Tables  A-3  through  A-6),  heads  the  column  giving 

the  power  of  the  (two-sided)  Kolmogorov-Smirnov  test,  jj"  heads  the 
column  giving  the  power  of  the  Cramelr-von  Mises  test,  beads  the 

column  giving  the  power  of  the  Anderson-Darling  test,  and  heads  the 

column  giving  the  power  of  the  Kuiper  test.  Note  that,  except  for  one 
entry,  the  L  test  gives  better  power  than  the  other  test.s  in  Table  A-1. 
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TABLE  A-1 


Power  of  Several  Testa  of  Two-Parameter  Weibull  vs  Three- 
Parameter  Weibull  (with  u/6  =  10,  B=  l)n=m=5 


size 

L 

D 

(1)  ‘ 

W 

V 

n 

n 

n 

n 

,01 

.07 

.09 

.10 

.06 

.09 

.05 

.27 

.24 

.27 

.21 

.23 

.10 

.44 

37 

.40 

.33 

.35 

.15 

.64 

46 

.49 

.43 

.45 

o 

CM 

.63 

.54 

.56 

.50 

.50 

.25 

.70 

,60 

.61 

.56 

.56 

Table  A-2  shows  the  power  of  the  various  tests  of  the  hypothesis  that  the 
data  were  drawn  from  an  extreme-value  distribution  against  the  alternative 
that  they  were  drawn  from  a  normal  distribution  for  n  =  m  =  5.  This  can 
also  be  viewed  as  a  test  of  the  hypothesis  that  the  data  are  (two-parameter) 
Weibull  vs  the  alternative  that  they  are  from  a  log-normal  distribution,  one 
sometimes  used  in  survival  analysis.  Again,  while  the  L  test  is  not  uni¬ 
formly  best,  it  does  show  up  well.  It  appears  from  Tables  A-1  and  A-2  that 
the  relative  merit  of  the  L  test  increases  with  the  size  of  the  test. 
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TABLE  A-2 


Power  of  Several  Teats  of  Eactreme-Value  vs  Normal 
(or  Two-Parameter  Weibull  vs  Log-Normal),  n  =  m  =  5 


size 

L 

D 

w 

W 

V 

n 

n 

n 

n 

0.01 

0.01 

0.02 

0.01 

0.01 

0.02 

0.05 

0.07 

0.07 

0.07 

0.06 

0.07 

0.10 

0.15 

0.15 

0.15 

0.12 

0.13 

0.15 

0.22 

0.21 

0.20 

0.16 

0.19 

0.20 

0.29 

0.27 

0.26 

0.22 

0.23 

0.25 

0.36 

0.33 

0.31 

0.27 

0.27 

At  this  point  of  the  investigation,  it  was  determined  that  a  better  test 

could  be  obtained  by  considering  more  than  merely  the  extreme  leaps.  Thus, 

4 

the  next  case  we  calculated  involved  m  =  n  =  5  and  S  =  (ig  +  ^  ^ 

1 

We  see  from  Tables  A-3  and  A-4  that  the  S  test  is  more  powerful  than  the  L 
test,  used  in  Tables  1  and  2,  for  small  probabilities  of  type  I  error  (size) 
and  thus  compares  more  favorably  in  these  cases  with  the  other  tests. 

Tables  A-3  and  A-4  give  the  powers  of  the  same  hypothesis-alternative 
pairs  as  Tables  A-1  and  A-2,  respectively.  Note  that  there  is  some  discre- 
peincy  in  power  of  the  analogues  of  the  classical  tests  in  Tables  A-2  and 
A-4  because  only  2500  samples  were  used  in  the  power  calculations. 
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TABLE  A- 3 


Power  of  Several  Teats  of  Two-Parameter  Weibull 
vs  Three-Parameter  Weibull  (with  u/6=10,  &=l)  n=m=5 


size 

S 

0 

n 

0.01 

0.10 

0.09 

0.05 

0.30 

0.24 

0.10 

0.44 

0.37 

0.16 

0.54 

0.46 

0.20 

0.62 

0.54 

0.25 

0.68 

0.60 

m  2 

W 

V 

n 

n 

n 

0.10 

0.06 

0.09 

0.27 

0.21 

0.23 

0.40 

0.33 

0.35 

0.49 

0.43 

0.45 

0.56 

0.50 

0.50 

0.61 

0.56 

0.56 

TABLE  A-4 


Power  of  Several  Testa  of  Extreme-Value  va  Normal 
(or  Two-Parameter  Weibull  va  Log-Normal).  B=m=5 


size 

S 

D 

n 

0.01 

0.02 

0.02 

0.05 

0.09 

0.08 

0.10 

0.17 

0.16 

0.15 

0.25 

0.23 

0.20 

0.31 

0.29 

0.25 

0.38 

0.35 

m  2 

W 

V 

n 

n 

D 

0.02 

0.01 

0.01 

0.08 

0.05 

0.06 

0.16 

0.12 

0.14 

0.22 

0.18 

0.20 

0.28 

0.24 

0.25 

0.33 

0.29 

0.31 
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In  order  to  assxire  ourselves  that  the  observed  results  extend  to  more 
general  three-parameter  Weibull  models,  ve  calculated  power  values  for 
the  analogues  of  the  classical  tests,  the  L  test  and  the  S  test  for 
n=m=5,  u/6  =  10,  P  =  .5.  For  each  teat  for  a  given  probability  of  tjrpe 
I  error,  the  power  value  is  considerably  larger  than  the  value  shown  in 
Table  A-1  and/or  Table  A-3.  In  general,  however,  the  power  relationships 
between  testa  for  a  fixed  probability  of  type  I  error  did  not  change 
appreciably  from  those  exhibited  in  the  tables  corresponding  to  n=m=6, 
u/6  =10,  3=1. 


Next  we  increased  the  sample  size  from  5  to  10,  still  with  no  censoring. 

Note  in  Tables  A-5  and  A-6  that  the  S  test  is  at  least  as  powerful  as 

the  others  and,  in  some  cases,  considerably  more  powerful.  In  these 

tables  S  =  /.  / 

j=6  j=l 

TABLE  A-5 


Power  of  Several  Tests  of  Two-Parameter  Weibull  vs 
Three-Parameter  Weibull  (with  ij./6=10,  3=l)  n=m=10 


size 

S 

D 

00  2 

W 

V 

0.01 

0.37 

n 

0.21 

n 

0.34 

n 

0.31 

n 

0.30 

0.05 

0.64 

0.45 

0.59 

0.56 

0.56 

0.10 

0.75 

0.61 

0.71 

0.69 

0.67 

0. 15 

0.82 

0.69 

0.79 

0.77 

0.74 

0.20 

0.85 

0.76 

0.83 

0.82 

0.79 

0.25 

0.88 

0.80 

0.86 

0.85 

0.83 
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TABLE  A- 6 


Power  of  Several  Testa  of  Extreme-Value  vs  Normal  (or 
Two-Parameter  We ibull  va  Log-Normal).  n«m*=10 


size 

S 

D 

■JL>  *• 

W 

V 

n 

n 

n 

n 

0.01 

0.04 

0.03 

0.04 

0.03 

0.02 

0.05 

0.17 

0.12 

0.12 

0.10 

0.10 

0.10 

0.29 

0.20 

0.21 

0.19 

0.17 

0.15 

0.38 

0.27 

0.30 

0.25 

0.25 

0.20 

0.47 

0.35 

0.36 

0.32 

0.31 

0.25 

0.54 

0.40 

0.43 

0.37 

0.37 

The  numerical  investigations  summarized  in  Tables  A-3  through  A-6  show 

the  desirable  power  properties  of  the  S  teat.  Its  only  serious  competitor 

is  the  Cramer-von  Miaes  teat.  Because  it  is  considerably  more  difficult  to 

2 

compute  the  teat  statistic,  ,  than  the  S  statistic,  one  would  probably 
prefer  the  S  test  to  the  Cramer-vcn  Mises  even  if  they  bad  identical  power. 

The  remaining  two  tables  in  this  section  verify  our  conjecture  that  the 
S  test  is  at  least  as  powerful  if  more  upper  leaps  are  included  in  its 
numerator.  For  the  specified  three -parameter  Weibull  alternative,  including 
more  upper  leaps  increases  the  power  considerably.  Censored  samples  are 
now  considered. 
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In  Tables  A-7  and  A-8,  we  suniBarize  power  calculations  for  samples  of 

size  10  censored  at  the  seventh  smallest  observation.  Three  S  statistics 

6  ,  6  ,  \  6  , 
are  ccnsidered  S  =  ^  ^  S  *  /  y  ^  and 

4  1  1 

S  ”  (/g  +  ^6^/  test  of  Two-Parameter  Veibull  vs  Three- 

1 

Parameter  Weibull  with  uA  3  •  1  (Table  A-7)  the  S  statistic  is 

shown  always  to  give  a  more  powerful  test.  In  the  case  of  a  Gaussian  alter¬ 
native  (Table  A-8),  S  and  S"  seem  to  be  comparable. 


TABLE  A-7 


Power  of  Three  Tests  Based  on  S  Statistics  of  Two-Parameter 
Weibull  vs  Three-Parameter  Weibull  (with  ■a/6=‘10,  9=l)  n=>10,  iif=7 


size 

S 

S 

S 

0,01 

0.14 

0.09 

0.17 

0,05 

0.32 

0.23 

0.38 

0,10 

0.45 

0.34 

0.50 

0.15 

0.54 

0.41 

0.61 

0.20 

0.59 

0.48 

0.68 

0.25 

0,65 

0.53 

0.73 
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TABLE  A-8 


Power  of  Three  Teste  Based  on  S  Statistics  of 
Extreme-Value  vs  Normal  (or  Two-Parameter 
Veibull  vs  Log-Normal)  d>10,  m^7 
,l 


size 

S" 

S’ 

S 

0.01 

0.03 

0.02 

0.03 

0.05 

0.10 

0.10 

0.10 

0.10 

0.19 

0.14 

0.17 

0.15 

0.26 

0.26 

0.26 

0.20 

0.32 

0.31 

0.32 

0.25 

0.40 

0.37 

0.40 

After  the  investigations  described  in  this  paper  had  been  completed,  a 
test  described  by  Gnedenko,  et  al  [lO]  for  constant  hazard  rate  versus 
increasing  or  decreasing  hazard  rate  came  to  the  attention  of  the  authors. 
The  statistic  associated  with  this  test  is  (for  Tq  defined  to  be  zero  and 
T^,  i”l,  ...,  m,  the  j^th  smallest  observed  failure  time) 


(m-i)  E  (Tr^-iY  k  £:  (’'i-^i.i) 


i=rj^+l 


which,  under  the  hypothesis  of  constant  hazard  rate,  is  distributed  as  F 
with  2r  and  2(m-r^)  degrees  of  freedom.  Monte  Carlo  investigations  of 
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Fercho  and  Ringer  [s]  shov  Gnedenko's  test  vith  “  jn/2  or  (m-l)/2  to 
be  most  powerful,  in  general,  among  four  tests  for  constant  hazard  rate 
which  they  studied  for  testing  exponential ity  versus  various  two-para¬ 
meter  Weibull  alternatives. 
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6.  COMPiriATlOKAL  DETAILS 


The  100  X  th  percentile  of  a  random  variable  Y  with  cumulative  dis¬ 
tribution  function  F  and  density  function  f  is  defined  by 

F  (yj^)  =  ^  f  (y)  dy  =  X 

If  y,  ^  <  Y,,  is  a  set  of  ordered  observations  of  this  random  varia- 

1  N 

ble,  then  an  appropriate  estimator  for  y-^  is  Y^j^  if  Xn  is  an  integer  or 
^CXn]+1  known  C23]  that  if  f(yj  )  +  0  and  if  f  is  diffe¬ 

rentiable  in  the  neighborhood  of  y^^,  then  Yj^j^  is  asymptotically  normally 
distributed  with  mean  y^  and  variance  X  (l-X)  /  In 


To  calculate  percentiles  of  S  (Eq.  (s)),  we  generated  N  = 

20,000  samples  of  each  sample  size  n  3(l)25.  (The  number  20,000  was 
chosen  on  the  following  basis.  If  the  distribution  of  S  were  actually  a 


Beta  distribution,  then  using  the  asymptotic  variance  of  Y.„  for  the  "worst" 


case,  X  =  .99,  an  N  of  approxisiately  20,000  would  be  needed  to  give  at  least 


2-8ignif icont-digit  accuracy  in  the  percentile.)  Because  of  storage  limi¬ 
tations,  we  did  not  rank  and  store  all  N  values  cf  S,  but  rather  we  divided 
the  \init  interval  into  300  sabintervals  of  equal  length  and  counted  the 


number  of  S's  that  fell  into  each  subinterval.  Is  the  number  of 

S' 8  that  fall  into  the  kth  subinterval  and  if  J  is  such  that 

J-1  J 

Tk  <  ^  Tk 

k'l  k=l 

then  we  estimate  and  thereby  the  100  Xth  percentile  of  the  distribu¬ 

tion  of  S,  by 

J-1 

(j-l)/300  -t-  (Xn  -  ^  Tk)  /  (300  Tj)  . 

k”l 

This  will  always  be  within  1/300  of  and  often  closer  because  of  the 
second-order  correcting  term,  (in  fact,  it  follows  from  the  standard  formula 
for  error  of  interpolation  (see,  e.g.,  Ralston  [24  ,  p,  60])  that  the  absolute 
error  is  bounded  by  (l/600)  f  (§)  /  f(?)  where  ?  lies  in  the  same  subinter¬ 
val  as  yj^.) 


For  a  fixed  sample  size  n,  we  used  the  same  N  values  of  S  to  obtain  percen¬ 
tiles  for  each  censoring  number  m  =  3(l)n.  We  generated  a  new  batch  of  N 
S's  for  each  different  value  of  n,  n  =  3(l)25. 
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The  reduced  extreme-value  variates  Y.  vhich  are  needed  to  calculate 

i,n 

S  were  obtained  via  Y  “  lu[ln  (l/'V)],  where  V  is  a  uniform  (0,l)  variate; 

the  variates  R.  used  in  power  calculations  against  the  alternative 
1  ,n 

g,/6  ”  10,  P  »  1,  .5  were  obtained  via  R  =^u,/6  +  In  (l/v)^'^^j^  with 

u/6  “  10,  P  =  1,  .6.  We  use  R  in  power  calculations  when  we  consider 

the  case  where,  in  obtaining  an  extreme-value  variate  by  taking  the 

natural  logarithm  of  a  Weibull  variate  T,  one  incorrectly  assumes  u  to 

be  zero.  More  values  of  Y.  than  of  -^n  R.  lie  to  the  left  of  the 

l,n  i,n 

mean  of  the  distribution  of  fn  R^  ^  so  that  the  tail  properties  of  the 
test  based  on  S  contribute  to  its  power.  Normal  variates  used  in  power 
calculations  were  generated  by  the  method  of  Marsaglia  find  Bray  [22]. 
Independent  samples  of  the  various  random  variables  were  obtained  in 
each  repetition. 


Finally,  we  mention  that  while  we  were  generating  samples  of  reduced  ex¬ 
treme-value  variates  to  obtain  the  percentiles  of  S,  we  also  took  the 
opportunity  to  obtain  percentiles  of  the  distributions  of  best  linear 
invariant  estimates  of  the  location  and  scale  parameters  and  of  certain 
percentage  points  of  the  extreme-value  distribution.  Tabulations  of 
these  percentiles  appear  in  [2l]. 
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6.  ■  TABLES  ANT)  EXAMPLE 


Below  are  tlie  tables  to  be  used  in  connection  with  the  test  based  on 
tile  statistic  S.  An  example  illustrating  their  use  follows  the  tables. 


lAOLK  A- 9 

l^erceiitiles  of  tho  Utatribution  of  S  and  Differences  of  hapected  Values  of 
Reduced  f jc t renie-Va I ue  Order  Statistics 


lb 

Kv  ,-n 

III+ 1  Dl 

0 . 7o 

0.8Q 

o.d-T 

0.90 

0.95 

0.99 

1 

1 

2 

0. 7S 

O.T9 

n,  H4 

0.40 

0,45 

0,99 

1 

1  .  1  ^0727 

2 

A,  70669^ 

? 

0,  a7V^96 

0.  /4 

O,  T9 

0.  ns 

0.40 

0,45 

0,99 

4 

O.SO 

0,55 

0.60 

0.67 

0,76 

0,89 

1 

1  ,115718 

2 

0,845184 

A 

0. 51P445 

0.  rf> 

0,80 

0,fl5 

0,40 

0,95 

0,99 

4 

0,58  ^?7^ 

0,  sn 

0,58 

0,61 

0,6« 

0.77 

0,89 

b 

0.67 

0.71 

0,75 

0.79 

0.86 

0,94 

1 

1 

2 

0,81  ;>130 

A 

0.474330 

0.75 

0,80 

n.fis 

0.90 

0.95 

0,99 

4 

0, 44?9P0 

o.so 

0,55 

0.61 

0,6n 

0.  76 

0,  H9 

•> 

0,5?2759 

0,67 

0,71 

0.75 

O.fiO 

0,86 

0.93 

6 

0,  S4 

0,57 

0.61 

0,66 

0.73 

0,84 

1 

.  ,079055 

2 

0,591587 

3 

0, 44?7R9 

0,75 

0,80 

0,H5 

0,9n 

0.95 

0,99 

a 

O,  3«7?8<) 

0.50 

0,55 

0,61 

o,6n 

0.  77 

n,H9 

5 

0, 3R  7714 

0,67 

0.71 

0.75 

o.flo 

0.86 

0,9  4 

IS 

0,480848 

0,54 

0,58 

0.6? 

0.67 

0. 74 

0.85 

7 

0,64 

0,87 

0,  70 

0,  74 

O.HO 

0  ,  rtfl 

1 

1 ,08Ht>52 

2 

0,577339 

3 

0,472889 

0,75 

n.RO 

0.8  5 

0.40 

0,45 

0,99 

4 

0, 358987 

0,50 

0.55 

0.61 

0.68 

0.7  7 

0,90 

S 

0, 334089 

<1,67 

0,71 

0.  75 

0,80 

0, 86 

0,94 

6 

0, 349907 

0, 54 

0,  58 

0.6? 

0,67 

0,  74 

0,8  5 

r 

O,  449338 

0,64 

0,8/ 

0.70 

0, 74 

0,80 

0,89 

8 

0,55 

0,58 

0.61 

0.65 

0.7  1 

0,81 
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Peroentiles  of  the  Distribution  of  S  »nd  Differences  of  Expected  Values  of 
Reduced  Ex\.reDe-Value  Order  Statistics 


B 

B 

0.75 

Q.eo 

1 

1 ,060046 

t? 

0.56694? 

) 

0,4091  7 

0,75 

4 

0.337763 

0,60 

5 

0,304777 

0.67 

n,  71 

6 

0,?97949 

0.54 

7 

0.3??189 

0,63 

n.67 

fl 

0.4?4958 

0,55 

9 

0,6? 

1 

1,053606 

? 

0,559013 

3 

0.399100 

0.  75 

n.«o 

4 

0.5?447n 

0.50 

5 

0.?86I63 

0,67 

0.71 

6 

0.?69493 

0,54 

0.5« 

7 

0.?71645 

0,63 

0.A7 

8 

0.300869 

0.55 

0.58 

9 

0.405316 

0.6? 

0.65 

r. 

0.55 

0*58 

1 

1,04841 1 

2 

0.552769 

3 

0.391410 

0,75 

0,80 

4 

0. 314705 

0,49 

0,55 

5 

0,273745 

0,67 

0,71 

6 

0,251386 

0,54 

0.58 

7 

0. 743928 

0,64 

0,67 

8 

0, 251548 

0,55 

0,58 

9 

0,283879 

0,62 

0.64 

10 

0,389071 

0.55 

0.58 

1  1 

0,60 

0.63 

1 

1,044137 

2 

0.547721 

3 

0.385338 

a,  75 

0,  79 

4 

0,307221 

0,50 

0,55 

5 

0,263737 

0,67 

O,  71 

6 

0.238797 

0,54 

0.58 

7 

0,226264 

0,64 

0,67 

8 

0,224477 

0,55 

0.58 

9 

0.235630 

0,6? 

0,64 

10 

0,269966 

0,55 

0,58 

1  1 

0,375356 

0,60 

0.63 

12 

0,55 

0.57 

1 

1 ,040555 

2 

0.543556 

3 

0.380417 

0.  75 

0,80 

4 

0.301300 

0.50 

0,55 

5 

0,256437 

0,67 

0.71 

6 

0,229515 

0,54 

0,58 

7 

0.213966 

0,64 

0,67 

8 

0,207205 

0,55 

0,58 

9 

0,2091 31 

0,62 

0.65 

10 

0. 222667 

0.55 

0,58 

11 

0,258323 

0,60 

0.63 

1  2 

0,363582 

0,55 

0,57 

13 

0.59 

0.61 

0-85  0-90  0.95  0.9B 


h,V0  0,95  0,<JV 

'-.hi  H,6R  0,77  0,99 

D.fS  (t,«0  0,86  0,98 

0.67  0,  75  n,  86 

0,70  0,78  0,80  (1,h9 

0,61  0.66  n,7P  0,8i 

0,67  0,71  0,76  O. 85 


O.ftS  0.9O  0,06  0,99 
0.61  0,68  O, 77  0,90 
0,f6  0,80  0,86  0,98 
0.6P  0,68  0,76  0,86 
0.71  0,76  0,81  0,89 
0,6?  0,66  0,7?  0,81 
0,68  0,71  0,76  0,86 
0.61  0,64  0,69  0,79 


0,86  0,90  0.96  0.99 
0,61  0.68  0,77  0.90 
0,76  O.ftn  0.86  0,94 
0,63  0.68  0,75  0,86 
0,71  0,75  0,81  0,89 
0,6?  0.66  0,7?  0,8? 
0.68  0,71  0,77  0,86 
0,61  0,64  0, 70  O, 79 
0,66  0,69  0,74  0,8? 


0,84  0,90  0,95  0,99 
0.61  0,68  0,78  0.89 
0.75  0,80  0,86  0,94 
0,6?  0,67  0,74  0.85 
0.70  0,75  0,81  0.89 
0,6?  0.66  0.7?  0.8? 
0,68  0,71  0,77  0,86 
0,61  0,65  0.70  O. 79 
0.66  0,69  0,74  0,8? 
0.60  0.63  0,68  0,76 


0,84  0,90  0,96  0,99 
0,61  0,68  0,77  0,89 
0.75  0,80  0,86  0,94 
0,63  0,68  0,75  0,86 
0.71  0,75  0,81  0.90 
0.6?  0,66  0.7?  0.8? 
0.68  0.7?  0.77  0.86 
0.61  0,66  0.70  0,79 
0.66  0,69  0.74  0.8? 
0.6O  0.64  0.68  0,76 
0.64  0.67  0,7?  0,79 


29 


TABLE  A~&  >  (Continu'd 


Percent! leo  of  the  Distribution  of  S  Differences  of  Expected  Values  of 
Reduced  E^xtreme-Value  Order  Statistioa 


a 

EY  ,-EY 
or^l  m 

0.75 

0.80 

0.85 

0.90 

o.oa 

0.99 

1 

1,037313 

2 

o.i^ooio 

3 

0,378352 

0,75 

0.79 

0.85 

0,90 

0,95 

0,99 

<1 

0,296596 

0,49 

0.54 

0.61 

0,68 

0.77 

0,90 

S 

0,250650 

0,67 

0.71 

O.  75 

0,80 

0,86 

0,94 

6 

0,222377 

0,54 

0.58 

0,62 

0.68 

0,  74 

0,86 

7 

0,204885 

0,64 

0,67 

0.71 

0.75 

0.81 

0,89 

8 

0,195165 

0,55 

0,58 

0,62 

0,66 

0.73 

0.82 

9 

0.192209 

0,62 

0.65 

0.68 

0,72 

0,77 

0.85 

10 

0,196679 

0,55 

0.58 

0.61 

0,65 

0,70 

n,  79 

11 

0,211875 

0,60 

0,63 

0.66 

0.69 

0,74 

0,82 

12 

0,248409 

0,55 

0.57 

0,60 

0,64 

0.68 

0.77 

1  3 

0.353334 

0,59 

0,61 

0.64 

0.67 

0.72 

0.  79 

1* 

0.55 

0.57 

0.59 

0,62 

0.6  7 

0,  75 

1 

2 

3 

1.034894 

0.537085 

0,372934 

0.  75 

0.80 

0.84 

0,90 

0,95 

0,99 

4 

0,292518 

0,51 

0,56 

0,62 

0.69 

0,78 

0.90 

5 

0,245947 

0,68 

0,71 

0.76 

0,80 

0.86 

0,94 

6 

0,216712 

0,54 

0,58 

0.62 

0,67 

0,75 

0,86 

7 

0,197893 

0,64 

0,67 

0,71 

0,75 

0,81 

0,89 

8 

0,186266 

0,55 

0,58 

0,62 

0,66 

0,72 

0,8? 

9 

0, 1 80402 

0,62 

0,65 

0.68 

0,72 

0,77 

0,85 

10 

0.180072 

0,55 

0.58 

0,61 

0,65 

0,70 

0,79 

11 

0,186347 

0.61 

0,63 

0,66 

0,69 

0,7* 

0,6? 

1  2 

0,202727 

0,55 

0,57 

0.60 

0,64 

0,68 

0,77 

13 

0,239842 

0,59 

0.62 

0,64 

0,67 

0.7? 

0.  79 

14 

0.344309 

0,55 

0,57 

0.60 

0,63 

0.67 

(1,75 

15 

0,59 

0.61 

0.63 

0.66 

0,70 

0,77 

1 

1 .03261 7 

2 

0,534521 

3 

0,370021 

0,  75 

0,80 

0,85 

0,90 

0.95 

0,99 

4 

0.289169 

0,51 

0.56 

0.62 

0,69 

0.78 

0,89 

5 

0,242049 

0,68 

0.7? 

0,76 

0,80 

0.86 

0.94 

6 

0,212103 

0,54 

0,58 

0,63 

0,68 

0,75 

0,85 

7 

0.192338 

0.64 

0.67 

0,71 

0,75 

0,81 

0,89 

8 

0, 1 79407 

0.55 

0.58 

0,62 

0,66 

0,7? 

0,8? 

9 

0,171667 

0,62 

0.65 

0,68 

0.72 

0,77 

0,85 

10 

0.168476 

0,55 

0,58 

0.61 

0,65 

0.71 

0.79 

1  1 

0.170026 

0,60 

0,63 

0 , 66 

('.69 

0.  74 

0.82 

12 

0. 1 77619 

0.55 

0,58 

0.60 

0,64 

0,69 

0.77 

13 

0, 1 94859 

0,60 

0.6? 

fl.64 

0,68 

0,72 

0,80 

14 

0.232350 

0.55 

0.57 

0.60 

0,63 

0,67 

0,75 

15 

0,336283 

0,59 

0,61 

0.63 

0,66 

0,70 

0.77 

16 

0,55 

0.57 

0.59 

0,62 

0,66 

0,73 
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Percentiles  of  the  Distribution  of  S  and  Differences  of  Expected  Values  of 
Reduced  IhitreBe-Value  Order  Statistics 


JB 

Ey 

0.76 

0.80 

1 

1  ,030418 

2 

0.532290 

0.367507 

0,75 

0.80 

4 

0.286312 

0,50 

0.55 

i 

0.238765 

0,4  7 

0.71 

6 

0, 208278 

0,54 

0.58 

7 

0. 1 87*13 

0,44 

0.47 

8 

0.173951 

0,55 

0.58 

9 

0.164928 

0,42 

0.45 

HI 

0, I  59*91 

0,55 

0.5* 

1 1 

0,158624 

0,41 

0.63 

12 

0.161559 

0,55 

0.5« 

13 

0.  1 701 32 

0,59 

0.62 

14 

0, 188005 

0,55 

0.57 

!•> 

0,225729 

0.59 

0.61 

16 

0. 329085 

0,55 

0.57 

IT 

0,58 

0,40 

0.85 

0.90 

0.95 

0.C9 

0.85 

0,90 

o.os 

0,99 

0.41 

0,69 

0,7H 

0,9(1 

0.75 

0,80 

0.87 

0,94 

0,42 

0,48 

0, 74 

o,  HS 

O.  71 

0,75 

0.80 

n .  89 

0,42 

0,64 

0,7? 

0,81 

0.68 

<1,  72 

0,  7  / 

O.HS 

0.41 

0.45 

0,70 

O,  79 

0.46 

0,69 

0,74 

o.  H2 

0,61 

0,44 

o,  77 

0,64 

0,6  7 

0,7? 

O  ,  HO 

0.60 

0.63 

0,6H 

o,  7S 

0.43 

0,64 

0*70 

0*7  r 

0.59 

0.62 

O,  74 

0.62 

0,45 

0,  7S 

1 

2 

3 

1.028850 

0,530332 

0,345314 

0,75 

n.ao 

0,85 

0.90 

0,96 

0 , 09 

4 

0.283846 

0.49 

0.55 

0.61 

0.48 

0,  7  7 

0,90 

5 

0.235958 

0,67 

0.71 

0.75 

0,80 

0,84 

0,04 

6 

0.205051 

0,64 

0.58 

0,62 

0,67 

0.76 

0,88 

7 

0,184055 

0,64 

0,67 

0.71 

0,  76 

0,81 

0,  h9 

8 

0.169504 

0,55 

0,68 

0.62 

0.46 

0.73 

0,8? 

9 

0.159564 

0.62 

0,66 

0,68 

0,72 

0,77 

0,85 

10 

0,153243 

0.55 

0,58 

0,41 

0,66 

0,  71 

0,80 

11 

0,150176 

0,61 

0,63 

0,44 

0,49 

0,74 

0,8? 

12 

0,150333 

0,55 

0,68 

0.41 

0,64 

0,69 

0,  T7 

1  3 

0,154313 

0,60 

0.62 

0,64 

0,68 

0,  T2 

0, 80 

14 

0,163630 

0,55 

0.67 

0,40 

0,  '.3 

0,67 

0, 7^ 

15 

0,181971 

0,59 

0,61 

0,43 

0, 66 

0,  70 

0,78 

1 6 

0.719825 

0,55 

0,57 

0.69 

0.62 

0.64 

o,  74 

17 

0.322580 

0,58 

0.60 

0,62 

0.65 

0.69 

O,  th 

18 

0.55 

0.5T 

0.59 

0.41 

0.46 

0.7? 

19  1  I.O?7?7T 

2  0.52HS9<i 


3 

0.363389 

0.75 

a. 80 

0,85 

0,90 

0,9*> 

0,99 

4 

0.281692 

0,50 

0,65 

0.61 

0,69 

0,76 

0,90 

5 

0.233535 

0,67 

0,71 

0,76 

0,81 

0,Rft 

0,94 

ft 

0.202291 

0,54 

0*58 

0,62 

0,68 

0,  79 

0,86 

7 

n. 180682 

0,64 

O.ft? 

0,  71 

0.75 

0.81 

0,H9 

a 

0,165607 

0,55 

0,5B 

0.62 

0,67 

0.  t? 

0,8? 

9 

0. 155189 

0.62 

0.ft5 

0,68 

0,72 

0,77 

0 , 8S 

10 

O: 147984 

0,55 

0,41 

0,65 

0.71 

(),  80 

1 1 

0,143650 

0,61 

0,ft3 

0,66 

0,69 

0, 

0 , 8? 

12 

O. 142012 

0.55 

O.ftA 

0,60 

0.64 

0.69 

0,  f7 

13 

0, 143250 

0.60 

0.62 

0.64 

0.68 

0.77 

0, 80 

14 

0.148031 

0,55 

n.sR 

0.60 

0.63 

O.ftfl 

0 , 7ft 

1  S 

0,157921 

0,59 

O.ftl 

0.63 

0,66 

0,70 

O. 

16 

0,1 7661 1 

0.55 

0,67 

0.59 

0.62 

0,6ft 

o  ,  f  4 

17 

0,214520 

0.58 

0,60 

0,67 

0.65 

0,69 

O  ♦  76 

IH 

0,316466 

0,55 

0,67 

0,59 

0,61 

0,66 

o, 

19 

0,5  7 

0,69 

0,61 

0.64 

0.6  7 

o,  74 
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........... V..... 


II  .5 


1  n 


0.  73 


0.80 


0.83 


0.90 


0.95 


20  1 
2 
3 
« 
5 
* 
7 
R 
9 

10 

1  I 

12 

13 

14 

15 

16 

1  7 

1  A 

19 

20 


1,025866 

n. 527,')<,6 
0. 361682 

o,  2T979R 
0,231417 
0,1 99905 
0. 1  7HI67 
0,162684 
0,151549 
O.  143674 
0, 1 38448 
0.135580 
0. 1 35046 
O. 1 37120 
O. 1 42527 
0.152861 
0,171810 
O. 209721 
O,  3  I  1257 


0.  75 
0,50 
0,67 
0.54 
0,64 
0.55 
0.62 
0,55 
0,61 
0,55 
0,60 
0,55 
0,  59 
O,  55 
0,58 
0,55 
0.58 
0,55 


1 

2 

3 

4 

5 

6 
7 
K 
9 

10 
1 1 
12 
I  3 

14 

15 

16 

17 

18 

19 

20 
21 


1,024594 
0,525657 
0,360159 
0.278117 
0.229551 
0,197821 
0.  1  75815 
0, 160009 
0, 1 48471 
O.  1  4008T 
O.  1  34200 
O,  I  30451 
O,  I  2h /m 
O, 1 29025 
0.131  756 
0.  1  3  7659 
0.1 4M34I 
0,167481 
0,205352 
0.306285 


0,75 
0,50 
0,68 
0,54 
0.64 
0,  55 
0,62 
0,55 
0,60 
0,55 
0,59 
0,55 
O,  59 
0,  55 
0,  5h 
0,55 
0,58 
0,65 
0,57 


0,80 
0.56 
0.71 
n.5fl 
0,67 
O,  5R 
0,65 
O,  5h 
0,6  3 
0,58 
0.62 
0,57 
0.6! 
0,57 
0,60 
0.57 
0,59 
0.56 


0,80 

0,56 

0.71 

O.ss 

0.67 

0.58 

0,65 

0.58 

0.63 

0.58 

0,62 

0.57 

0.61 

0.57 

0,60 

0,57 

0,60 

0,56 

0.59 


0,8  5 
0.6| 
0.75 
0.62 
0.71 
0.62 
0.68 
0.61 
0,66 
0.61 
0,65 
0.60 
0.63 
O.  59 
0,62 
O.  59 
0.61 
o,  58 


0.85 
0,62 
O.  76 
0.62 
0.71 
0.62 
0,68 
0.61 
O  .  66 
0.60 
0,64 
0.60 
0.7.^ 
0,60 
0,62 
0,59 
0.62 
O.  5fl 
0,6  1 


0.90 
0.68 
0,80 
0,67 
0.75 
0,66 
O.  72 
0.65 
0.69 
0.64 
0.68 
0.63 
0.66 
0,62 
0,65 
0.62 
0.64 
0.61 


O.oo 

0,69 
O.80 
0.6  7 
0.75 
0.66 
O.  72 
0.65 
0,69 
0,64 

0,6H 

0.63 

0,66 

0,63 

0.65 

0.62 

0.64 

0,61 

0.7,3 


0.95 
0,  78 
0,86 
0.J5 
0.81 
O.  73 
0.77 
0.71 
0,  74 
0,69 
O,  72 
0,68 
0,  71 
0,67 
0.69 
0,66 
0,68 
0,65 


0,95 
0,78 
0,86 
0.  74 
0,80 
0.  73 
0,7  7 
C.70 
0,  74 
0,69 
0,  72 
0.67 
0,  70 

0,6  7 
0,69 
0.66 
0,68 
0,65 
0,67 


0.99 


0.99 

0.90 

0,94 

0.86 

0.89 

0,82 

0,85 

O,  HO 

0,83 
0,  77 
0,87) 
0,76 
o,  78 
0,74 
0,  76 
0.72 
O,  74 
o,  71 


0.99 
0.90 
0,94 
0,85 
0,89 
0.82 
0,85 
0,80 
0,82 
O.  77 
0.  79 
O,  75 
O.  78 
O.  74 
0.76 
0,  7  3 
O.  75 
O.  72 
O.  7  4 


'  . 


TABLE  A~9  -  (Continued) 


Percentiles  of  the  Distribution  of  S  and  Differences  of  Escpected  Values  of 
Reduced  Extreme-Value  Order  Statistics 


m 

EY  ^.-EY 

0.75 

0.80 

0.85 

0.90 

0.95 

0.99 

1 

2 

1  .023439 
0,524405 

3 

0.358790 

0,75 

0,80 

0.85 

0,90 

0.95 

0.99 

0,276618 

0,50 

0.55 

0.61 

0,68 

0.77 

0.90 

5 

0,227895 

0,67 

0,71 

0,75 

0,80 

0,86 

0.94 

6 

0.195983 

0,54 

0,58 

0,63 

0,68 

0,75 

0,85 

7 

0,173760 

0,64 

0.67 

0,71 

0.75 

0,81 

0,89 

8 

0,1576^2 

0,55 

0.58 

0.62 

0,66 

0.72 

0,8  2 

9 

0,145834 

0,62 

0,65 

0,68 

0.72 

0.7/ 

0,85 

10 

0.137052 

0,55 

0,58 

0,61 

0,65 

0,70 

0,80 

11 

0,130662 

0,61 

0.63 

0.66 

0,69 

0.  74 

0.82 

12 

0.126260 

0.55 

0.58 

0.61 

0.64 

0,69 

0.7  8 

13 

0,123640 

0,60 

0,62 

0,65 

0,68 

0.  72 

0,80 

14 

0.122763 

0,55 

0,58 

0,60 

0.63 

0.68 

0,  75 

15 

0,12^763 

0,59 

0.61 

0,63 

0,67 

0,71 

0.  78 

U 

0,127019 

0,55 

0,57 

0.60 

0.62 

0.67 

0.74 

17 

0,133316 

0,58 

0,60 

0,62 

0.65 

0,69 

0,76 

18 

0. 144273 

0,55 

0,57 

0,59 

0,62 

0,66 

O,  73 

19 

0,163552 

0,58 

0.60 

0,62 

0,64 

0,68 

0,75 

20 

0.201355 

0,55 

0,57 

0.59 

0.61 

0.65 

0.  72 

21 

0,301693 

0,57 

0,59 

0,61 

’),64 

0.6T 

0,73 

22 

1 

2 

1  .022389 
0,523269 

0,54 

0,56 

0,58 

0,61 

0 , 64 

0,70 

3 

0,357557 

0,75 

0,80 

0.85 

0,90 

0,95 

0,99 

4 

0,275268 

0,50 

0.55 

0,61 

0,68 

0,77 

0,89 

5 

0,226417 

0,67 

0.71 

0,  75 

0,80 

0.86 

0.94 

6 

0,194351 

0,55 

0,59 

0,63 

0.68 

0,76 

0,86 

7 

0,171948 

0,64 

0.68 

0,71 

0,  76 

0.82 

(l,H9 

8 

0,155666 

0,56 

0.59 

0,63 

0,67 

0,73 

0,83 

9 

0.143549 

0,62 

0,65 

0,68 

0,  72 

0.78 

0,86 

10 

0.134451 

0,56 

0,59 

0,62 

0,66 

0,71 

0 , 80 

11 

0,  1  27667 

0.61 

0,63 

0,66 

0,  70 

0,  75 

0,82 

12 

0.122768 

0,55 

0.58 

0.61 

0,64 

0,69 

0. 78 

13 

0.119503 

0.60 

0,62 

0.65 

0,68 

0,73 

0,80 

14 

0,117764 

0,55 

0.57 

0,60 

0,63 

0.68 

0,76 

15 

0.117577 

0,59 

0,61 

0.63 

0.67 

0,71 

0,  78 

16 

0.119120 

0,55 

0.57 

0,60 

0,63 

0.67 

0,75 

17 

0,122799 

0,58 

0.60 

0,63 

0.65 

0,69 

0,77 

18 

0,129416 

0,55 

0,57 

0,59 

0.62 

0 , 66 

0,73 

19 

0.140590 

0,58 

0,60 

0,62 

0,64 

0,68 

0.  75 

20 

0,159966 

0,55 

0,57 

0,59 

0,61 

0.65 

0.  72 

21 

0,197679 

0,57 

0,59 

0.61 

0.63 

0,67 

0,7  3 

22 

0,297435 

0,55 

0,56 

0,58 

0.60 

0.64 

0.  70 

23 

0,57 

0,58 

0,60 

0.63 

0.66 

0.72 

3:. 


TABLE  A-9 


(Concluded) 


Percentilea  of  the  Distribution  of  S  en'i  Differences  of  Ocpected  Values  of 
Reduced  Extrene-Velue  Order  Statistics 


5 

0.75 

0.80 

0.88 

0.90 

0.98 

0.99 

1 

1 ,02 1431 

? 

0.322233 

3 

0,334436 

0.75 

0.80 

0,85 

0,90 

0,95 

0,99 

a 

0,274031 

0,50 

0.56 

0.62 

0,69 

0.78 

0,  vO 

S 

0.223086 

0,67 

0.71 

0.76 

0.81 

0.86 

0,94 

6 

0.192892 

0,34 

0,58 

0.62 

0.68 

0.75 

0,83 

7 

0,  1  70338 

0,64 

0,6  7 

0.71 

0.75 

0.81 

0.89 

H 

0.I33R77 

0,55 

0.58 

0,62 

0,67 

0.  73 

0.83 

9 

0.141349 

0.62 

0.65 

0.68 

0,72 

0,77 

0.86 

10 

0.1 32193 

0.56 

0,58 

0,61 

0.66 

(»,  71 

0,80 

1  1 

0.  1  25099 

0,61 

0,63 

0,66 

0,70 

0.75 

0.83 

1  2 

0.1198)1 

0.53 

0.58 

0,61 

0,64 

0,70 

0,  78 

;  3 

0.1  16034 

0,60 

0.62 

0.65 

^ir,''68 

0,73 

0,80 

14 

0.11 3677 

0,35 

0,58 

0,60 

'  0,64 

0,68 

0.  76 

1  •> 

0,112638 

0,59 

0,61 

0.64 

0.67 

0.71 

0,78 

lA 

0.11 3007 

0,55 

0.57 

0,60 

0,63 

0,67 

0,  74 

1  7 

0,11 4990 

0,38 

0,60 

0,62 

0,65 

0,69 

0,76 

IH 

0,119014 

0,55 

0,57 

0,59 

0,62 

0,66 

0.73 

19 

0,125889 

0,58 

0,60 

0,62 

0,64 

0.68 

0.  75 

?0 

0,137235 

0,55 

0,57 

0,59 

0,61 

0.65 

0,  72 

21 

0,136679 

0,57 

0,59 

0.61 

0,64 

0.67 

0,  73 

22 

0,194283 

0,53 

0.56 

0,58 

0.61 

0,64 

0.71 

2J 

0,293473 

0,57 

0,59 

0,60 

0.63 

0,66 

0.  72 

24 

0,34 

0,56 

0,38 

0,60 

0,64 

0,69 

1 

2 

3 

1 .020351 
0.321283 
0.353413 

0,  75 

O.ftO 

0,85 

0,90 

0,95 

0,99 

4 

0,272945 

0,50 

o, 

0.61 

0,69 

0.  78 

0,91 

3 

0.223845 

0,67 

n.7l 

0,76 

0.81 

0,87 

0.94 

6 

0.191378 

0,54 

o* 

0,62 

0,68 

0,75 

0.86 

7 

0,  1  68899 

0,64 

0.67 

0.71 

0.  75 

0,81 

0,89 

8 

0.132286 

0.55 

0.62 

0,66 

0,72 

0,82 

9 

0,139783 

0,67 

0,6^ 

0,68 

O.  72 

0,77 

0,85 

10 

0,130219 

0,56 

n.  6H 

0.6) 

0.65 

0.71 

0.80 

1  1 

0,1  22871 

0,61 

0,63 

0,66 

0.70 

0.75 

0.82 

1  2 

0,117774 

0,55 

0.61 

0,64 

0.69 

0.  78 

1  3 

0.113132 

0,60 

0.62 

0.65 

0,68 

0.73 

0,81 

14 

0,  110268 

0,55 

0,58 

0.60 

0.63 

0.60 

0.76 

13 

0.  108598 

0.39 

0,61 

0.64 

0,66 

0.71 

0.  78 

16 

0.  lOHl 24 

0.33 

0.57 

0,60 

0,63 

0.67 

0,74 

1  f 

0, 1  08944 

0.58 

0,60 

0.62 

0.65 

0.69 

0.  76 

18 

n.  1 11289 

0,55 

0,57 

0,59 

0.62 

0.66 

0,73 

19 

0. 115596 

0.58 

0,60 

0,62 

0,64 

0,68 

0,  75 

20 

0. 122683 

0.55 

0.97 

0,59 

0,61 

0,65 

0.72 

21 

0.  134163 

0,57 

O,  5Q 

0.61 

0.63 

0,67 

0,74 

22 

O.  153630 

0,55 

0.56 

0,58 

0.61 

0.64 

0,71 

23 

0,191137 

0,57 

0,58 

0,60 

0,63 

0.66 

0.  72 

24 

0,289773 

0,54 

0,96 

0,  58 

0,60 

0,63 

0,  70 

23 

0,56 

0.98 

0.60 

0.62 

0.65 

0.71 
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Example:  Listed  below  are  ordered  observations  t^  sasple 

(ignition  times)  of  size  22,  censored  at  the  15th  smallest  observation, 
i.e.,  n  “  22,  m  "  15.  Wo  wish  to  test  the  hypothesis  that  this  sample 
was  drawn  from  a  tvo-parameter  Weibull  distribution,  with  a  three-para¬ 


meter  Weibull  an  appropriate  alternative.  Accordingly,  we  first  form 

-*i  "  ^*i+l,22  ■  ^i,22^  /  ^^i+1,22^  “  ®  ^^i,22^]  ^  ^  **•  » 

where  *^^^22  “  ^^i,22^’  ^  ^^i+1  ^  ^^i  n^ 

14  /  /  14  ✓ 

Table  A-Q.  We  then  compute  S  =  j 

8  /  1  ' 


For  the  data: 


*1,22  ' 

15.5 

*6,22  “ 

20.6 

If 

CM 

CM 

26.5 

*2,22 

15.6 

*7,22 

22.8 

*12,22  “ 

26.5 

*3,22  ° 

16.5 

*8,22 

23.1 

*13,22  “ 

32.7 

*4,22 

17.5 

*9,22 

23.5 

*14,22  " 

33.8 

*5,22 

19.5 

*10,22  " 

24.5 

*15,22  " 

33.9 

we  calculate  S  =  0.660  and  therefore  the  hypothesis  that  these  data  were 
drawn  from  a  two-parameter  Weibull  distribution  is  rejected  at  the  15  per¬ 
cent  significance  level.  (One  rejects  the  hypothesis  if  the  calculated 
value  of  S  exceeds  its  tabulated  percentile  at  1  minus  the  appropriate 
level  of  significance). 
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If  one  la  testing  the  hypothesis  that  a  sample  was  dravn  from  an  ex- 
trome-value  distribution,  he  calculates  the  directly  without  first 

taking  the  natural  logarithms  of  the  ordered  observations. 

We  note  that  whenever  m  is  equal  to  3,  the  numerator  of  the  S  statistic 
consists  of  the  first  Itap  and  the  denominator  of  the  first  two  leaps. 
From  tabulated  values,  it  can  be  observed  that  for  m  equal  to  3,  the  dis¬ 
tribution  of  S  is  essentially  uniform,  i.e.,  Beta  with  parameters  1  and  1. 
In  other  words,  the  ratio  of  the  first  emd  second  leaps  has  an  F  distri¬ 
bution  with  2  and  2  degrees  of  freedom.  This  was  also  observed  to  be 
true  for  the  ratio  of  the  first  and  fourth  leaps  for  n  =  m  =  5. 

These  facts  suggest  that  the  ratio  of  the  m-lst  leap  and  the  sum  of  the 
m-lst  and  the  first  leaps  apparently  has  very  nearly  a  uniform  distribu¬ 
tion.  The  test  based  on  this  ratio  appears  to  be  fairly  powerful  if  its 
size  is  not  too  small.  One  can,  therefore,  very  easily  test  the  lit 
of  any  set  of  observations  with  n  <  100  to  the  extreme  value  distribution 
by  using  tables  of  White  ^27]  which  give  the  expected  values  of  reduced 
extreme-value  order  statistics  for  n  =  l(l)l00. 

If,  for  fixed  m  and  1,  the  tabulated  percentile  values  are  compared  with 
percentile  values  of  appropriate  Beta  distributions  [with  parameters 


(m-l)/2  and  (m-l)/2  or  (ffl-2)/2  and  in/23,  it  can  be  seen  that  as  sample 
size  n  increases  the  tvo  tabulated  values  tend  to  agree.  In  fact, 
there  is  little  discrepancy,  even  for  small  n.  This  suggests  that  the 
test  for  fit  based  on  the  S  statistic  can  he  used  for  samples  of  size 
as  large  as  one  htindred  by  making  use  of  the  tables  of  expected  values 
of  tl;e  reduced  extreme-value  order  statistics  (see  White  [27j)  and 
tables  of  percentiles  of  the  Beta  distribution  (see,  for  example,  Harter 
[ll]).  One  C6in  also  use  tables  of  the  F  dit  iN^tion  (with  m-1  and  m-1 
or  ffl-2  and  m  degrees  of  freedom)  vlth  the  L  8T..^tistic  described  in  Sec¬ 
tion  3, 
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B. 


TABLES  FOR  OBTAINING  CONFIDENCE  BOUNDS  AND 
TOLERANCE  BOUNDS  BASED  OK  BEST  LINEAR  IN¬ 
VARIANT  ESTIMATES  OF  PARAMETERS  OF  THE  EX- 

trf>ie-vallt:  distribution 


SUMMARY 


Tables  are  given  for  obtaining  confidence  bounds  for  the  two  parameters 
and  the  90th,  95th,  and  99th  percentiles  of  the  two-parameter  Weibull  or 
extreme-value  distributions.  The  tables  are  based  on  best  linear  invariant 
estimators  of  extreme-value  location  and  scale  parameters  and  apply  to  sam¬ 
ples  of  size  n,  n  =  3(l)25,  which  may  be  censored  at  the  mth  smallest  sam¬ 
ple  observation,  m  -  3(l)n.  Discussion  is  given  concerning  other  methods 
of  obtaining  confidence  and  tolerance  bounds  for  these  distributions,  pro¬ 
perties  of  the  estimators  on  which  the  bounds  are  based  and  computational 
procedures  used. 


1 


INTRODUCTION 


In  the  following,  we  consider  the  problem  of  obtaining  small-sample 
confidence  and  tolerance  bounds  based  on  censored  samples  from  the  two- 
parameter  Weibull  or,  equivalently,  the  extreme-value  distribution.  A 
random  variate  T  is  said  to  have  a  two-pareimeter  Weibull  distribution  if 


[t  <  tl 

1  1  -  exp  [-(t/6)^j  ,  t  >  0 

L  -  J 

(  0  ,  t  <  0  . 

Both  the  scale  parameter  6  and  the  shape  parameter  P  of  the  distribution 
are  positive.  If  one  makes  the  transformation  X  =  ip  T,  then 


1-exp  -exp 


[(x-u)/b]j 


with  u  =  in  6  and  b  =  (l/P)  >  0. 


(2) 


The  two-parameter  Weibull  distribution  has  many  applications  (see  [s]  and 
[16]).  but  it  is  most  often  applied  to  problems  of  reliability  or  survival 
analysis.  The  reliability  function  R  (t^),  which  gives  the  probability  of 
survival  at  least  until  a  "mission"  time  t^,  is  equal  to  P  j^T  >  ^  J  •  The 
function  R  (t^)  “  c?cp  ^- ( n  1  s o  can  be  thought  of  as  the  proportion 
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of  the  population  (from  which  a  sample  is  selected)  surviving  at  time  t^. 
Thus,  if  a  survival  proportion  Y  is  specified,  then  the  time  t^  associated 
with  tliis  survival  proportion  is  equal  to  6^fn(l/Y)J  and  =  !.n  t^  is 
equal  to  u  +  b  in  |^in  (l/Y)j|  .  The  time  is  sometimes  referred  to  as  the 
reliable  life  associated  with  the  survival  proportion  Y* 


The  quantities  t^  and  *re  actually  percentiles  of  the  distributions 
given  by  (l)  and  (2),  respectively.  Confidence  bounds  for  these  two  quan¬ 
tities  are  also  known  as  tolerance  bounds  for  the  respective  distributions. 
If  a  confidence  bound  is  obtained  from  x  then  (because  exp  (x  )  is  a 
monotone  function  of  x^)  one  can  convert  this  immediately  tc  a  bound  on 
t  =  exp  (x  ).  Confidence  bounds  on  u  and  b  can  likewise  be  converted  to 
bounds  on  6=exp  (u)  and  S  =  l/b. 


The  problem  of  obtaining  small-sample  confidence  and  tolerance  bounds  for 
the  two-parameter  Weibull  or  the  extreme-value  distribution  has  been  con¬ 
sidered  by  several  authors.  Johns  and  Lieberman  f2j  generated  values 
which,  when  combined  with  certain  linear  estimates  of  extreme-value  loca¬ 
tion  and  scale  parameters,  yield  lower  confidence  bounds  on  the  Weibull 

reliability  function  H  (t  )  associated  with  a  specified  mission  time  t  . 

m  m 

A  method  of  obtaining  lower  tolerance  bounds  (or  lower  confidence  boiinds 
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on  t^,  the  reliable  life  associated  with  a  specified  survival  proportion 
y)  by  means  of  the  tables  given  in  [2J  is  explained  in  [sj  . 


Thoman,  Bain  and  Antle  [l4j  give  values  which  may  be  used  with  maximum- 
likelihood  estimates  to  obtain  confidence  bounds  on  the  location  parameter 
u  6uid  the  reciprocal  of  the  scale  parameter  b  of  the  extreme-value  distri¬ 
bution.  (These,  of  course,  can  be  insnediately  converted  to  confidence  boiuids 
on  the  two-parameter  Weibull  scale  and  shape  peirameters,  respectively.)  The 
same  authors  [ibj  give  values  for  obtaining  either  lower  toleremce  bounds 
or  lower  confidence  bounds  on  reliability  (tjjj)  for  specified  t^j  by  use 
of  maximum- likelihood  estimates. 


The  values  given  in  [23,  [l4]  and  [15]  for  obtaining  the  tolerance  and  con- 
fidi:nce  bounds  were  all  generated  by  the  use  of  Monte  Carlo  simulation  pro¬ 
cedures.  The  values  tabulated  in  [ll]  for  obtaining  tolerance  bounds  and 
confidence  bounds  on  the  extreme-value  scale  parameter  from  two  or  three 
ordered  observations  were  obtained  analytically. 


The  two-  or  three-order-statistic  confidence  bounds  associated  with  values 
tabulated  in  [ll]  have  fairly  high  efficiencies  (in  terms  of  mean  squared 
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error  of  the  estimators  on  vhich  tliey  are  based)  with  respect  to  the  other 
bounds  described  above.  The  two-  and  thrce-order-statistic  estimators  pro- 
viding  the  basis  for  these  houiids  do  not,  however,  have  asymptotic  effi¬ 
ciencies  of  1  with  respect  to  Cramer-Rao  bounds  for  regular  invai  iant  es¬ 
timators  (see  [9])- 


All  the  other  bounds  mentioned  above  (^2],  based  on 

estimators  with  Cramer-Rao  efficiencies  which  approach  1  as  sample  size  n 
becomes  large.  That  is,  they  are  "asymptotically  efficient".  This  is  also 
true  of  confidence  bounds  based  on  best  linear  invariant  estimators  (esti¬ 
mators  with  smallest  mean  squared  error  among  linear  estimators  with  mean 
squared  error  invariant  under  translations)  of  u,  b,  and  (see  ff]). 

Comparisons  of  mean  squared  errors  given  in  [l]  and  [s]  for  small  sample 
sizes  indicate  that  the  maximum-likelihood  and  the  best  linear  invariant 
estimators  are  essentially  equally  efficient  (in  terms  of  mean  squared 
error)  for  estimating  b  or  any  extreme-value  percentile  =  u  b  fn  j^in(l/Y)j 
Comparisons  of  these  two  estimator^  with  other  invariant  estimators  in 
[sj  reveal  that  the  other  estimators  tend  to  be  less  efficient  for  small  sam¬ 
ple  sizes.  The  linear  estimators  of  Johiis  and  Lieberman  [2],  which  are 
approximations  to  the  beat 
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linear  invariant  estimators,  however,  are  shown  in  [s]  to  be  very  effi- 

1 

cient  relative  to  the  maximum-likelihood  and  best  linear  invariant  estimu- 

I 

tors  for  sample  sizes  of  10  or  larger.  The  maximum- likelihood  estimates 
are  somewhat  more  difficult  to  obtain  than  estimates  defined  by  either  of 
these  linear  estimation  procedures,  since  iterative  procedures  (usually 
requiring  the  use  of  a  computer)  are  involved. 


The  principal  advantage  of  the  tables  given  in  this  paper  over  those  given 
by  Johns  and  Lieberman  [2^  and  Thoman,  Bain  and  Antle  ([l4]  and  [isj)  for 
obtaining  tolerance  and/or  confidence  bounds  is  that  nearly  all  possible 
type  II  censorings  from  above  are  considered  liere.  That  is,  bounds  are 
based  on  the  f irst  (smallest)  m of  n  sample  observations,  m  =  3(l)n,  This 
allows  for  life-test  situations  in  which  testing  is  terminated  at  the  time 
of  the  mth  failure,  witli  3  <  m  <  n. 


Johns  and  Lieberman  give  values  for  obtaining  bounds  on  applicable 

to  four  specified  censorings  for  each  sample  of  size  n,  n  ~  10,  15,  20, 

30,  50,  and  100.  All  of  the  confidence  and  tolerance  bounds  obtainable 
from  tables  of  Thoman,  Bain  and  Antle  apply  to  uncensored  samples  of  size 
ranging  from  5  to  120  (for  bounds  on  u  and  6  =  l/b)  and  from  8  to  100  (for 
bounds  on  reliability  R  (t  )  and  reliable  life  t  .  Because  best  linear 
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invariant  estimator  weights  are  available  only  for  a  limited  number  of 
sample  sizes,  tabulations  for  samples  of  size  u,  n  =  3(l)25  only  are 
giv'eri  here.  Tables  B-1,  B-2,  B-3,  B-4,  and  B-5  give  values  for  obtaining, 
for  the  extreme-value  distribution,  confidence  bounds  on  the  scale  para¬ 
meter,  b,  the  location  partuneter  u  (the  100  [l-exp(-l)J  percent  point  of 
the  distribution)  tmd  the  90th,  95t^  and  99th  distribution  percentiles, 
respectively.  These  confidence  bounds  can  be  easily  converted  to  confi¬ 
dence  bounds  on  the  Weibull  shape  and  scale  parameters  and  Weibull  tole¬ 
rance  bounds  (or  confidence  bounds  on  t^)  for  Y  =  .90,  .95,  .99.  Since 
percentage  points  of  the  .statistics  from  which  the  bounds  are  obtained 
are  tabulated  for  percentages  of  100  times  .02,  .05,  .10,  .25,  .40,  .50,  .60, 
.75,  .90,  .95,  .98  in  each  case,  it  is  possible  to  use  the  tables  for  ' 

testing  hypotheses  concerning  distribution  parameters  as  well  as  for  ob¬ 
taining  confidence  bounds.  (That  is,  opposite  ends  of  the  table  are 
used  for  one-sided  confidence  bounds  and  for  corresponding  one-sided  tests.) 


4b 


2.  CONFIDENCE  BOUNDS  BASED  ON  BEST  LINEAR 
INVARIANT  ESTIMATORS 


Coefficients  of  best  (minimum-variance)  linear  unbiased  estimators  for 
tlie  parameters  u  and  b  and  for  were  generated  by  Lieblein  [d]  emd  their  use 

investigated  for  complete  samples  of  size  2  through  6.  Extension  to  cen¬ 
sored  samples  of  the  same  size  was  made  by  Lieblein  and  Zelen  [&].  Ex¬ 
pressions  for  the  first  and  second  momenta  and  the  cross-product  moments 
of  ordered  reduced  extreme-value  variates,  which  are  required  for  computing 
the  coefficients  corresponding  to  the  best  linear  unbiased  estimators,  had 
been  derived  previously  by  Lieblein  [33* 


We  assume  tliat  a  sample  of  size  n  has  been  randomly  selected  from  a  distri¬ 
bution  defined  by  (l)  and  that  the  observations  of  interest  consist  of  the 
natural  logaritlims  of  the  n  sample  values.  Equivalently,  we  may  assume 
tha'i.  the  observations  of  interest  were  selected  directly  from  the  distri¬ 
bution  defined  by  (2).  We  suppose  tliat  the  sample  of  observations  from  (2) 
has  been  ordered  in  terms  of  size  and  may  be  censored  at  the  mth  smallest 

observation,  m  ^  n.  The  m  ordered  observations  we  denote  by  X,  » 

1  ,n  , 

X  .  with  X,  <  X,  ,  ,  k  =  1,2,  ...  ,  m-1.  As  was  mentioned  earlier, 

iii,n’  k,n  —  T£+l,n’  ’  ’  ’ 

this  corresponds  to  life-testing  situations  in  which  testing  of  items  is 
terminated  at  the  time  of  the  mth  item  failure. 
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Suppose  ve  consider  all  estimators  of  u,  b,  eind  ac^  "which  are  weighted 

sums  of  X,  ,  X-,  ,  X  with  mean  squared  error  invariant  under 

1  ,n  .2  ,n  m,  n 

translations  in  X  space  (independent  of  u).  The  estimators  among  these 
with  smallest  mean  squared  error  we  call  the  "best  linear  invariant  esti¬ 
mators".  It  is  shown  in  [lO]  that  the  best  linear  invarieuit  estimators 
m  m 


u  = 


a.  X.  ,  b  = 
i,m,n  i,n’ 


c.  X.  ,  hnd  X,,=^  +  b  .fn  r^n(l/Y)l  of 
i,m,n  i,n’  y  u  \ 


i=l 


i=l 


u,b  and  respectively,  are  linear  functions  of  the  best  linear  unbiased 

estimators  of  u  and  b.  The  coefficients  a.  and  c.  ceui  therefore 

i,m,n  i,m,n 

be  obtained  by  a  simple  linear  trsuisf ormation  from  the  coefficients  of 

the  best  linear  unbiased  estimators.  "Values  of  a.  and  c,  were  thus 

i,m  i,m 

! 

calculated  by  first  determining  the  coefficients  of  the  best  linear  unbiased 
estimators  using  the  method  of  Lieblein  and  Zelen  applied  to  the  expressions 
for  the  moments  of  the  reduced  order  statis.tics.  These  values  are  given 
for  m  =  2(l)n,  n  =  2(l)l5  in  [t]  and  for  m  =  2(l)n,  n  =  2(l)25  in  [6]. 

4 

f! 

The  estimator  b,  because  its  coefficients  add  to  1,  is  a  maximal  invariant 

which  will  yield  confidence  intervals  and  tests  of  hypotheses  independent 

of  a  scale  parameter  u.  We  note  that  the  expectation  of  b  is  proportional 

2 

to  b  eind  its  variance  is  proportional  to  b  .  In  fact,  its  ^th  moment  is 
proportional  to  b  .  Thus,  the  distribution  of  b/b  is  independent  of  both 
u  an^  b. 


I  SO 

h' 

I 
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The  coefficients  of  u  add  to  zero  so  that  kth  moments  about  any  percen¬ 
tile  of  X  are  proportional  to  b^.  Hence  |^u  -  |  ii  +  b  fn[iu  (l/Y)3|l/b 
has,  for  any  Y,  e  distribution  independent  of  both  parameters. 

We  have  used  these  invariance  properties  to  generate,  by  Monte  Carlo  sim¬ 
ulation  procedures,  random  variates  from  the  reduced  extreme-value  distri¬ 
bution  and  to  obtain,  from  these,  distribution  percentiles  of  W  =  (b/b)  and 
of  u  -  j  U  +  b  tn  [in  (1/y)]  |  .  Some  of  the  detailo  of 

the  computations,  which  apply  to  m  =  3(ljn,  n  =  3(l)25,  are  given  in  Sec¬ 
tion  3. 

In  order  to  obtain  an  upper  confidence  bound  for  b  at  confidence  level  l-o- 

we  note  that  b  <  b/W^  with  probability  l-cr,  where  is  the  100  cyth  pel- 

centile  of  W,  and  can  be  found  for  the  appropriate  values  of  m  and  n  in 

Tabic  D-1.  Wc  reject  the  hypothcois  b  <  b^j  versus  Hj:  b  >  at 

significance  level  x  if  b/b„  >  W\ 

"  0  l-<r 

A  lower  confidence  bound  at  level  1-n  on  =  u  +  b  [fn  (l/v)J  can  be 
based  similarly  on  tlie  percentiles  of  giv'en  in  Tables  B-2,  B-.3,  B-4, 
and  B- o.  From  the  definition  of  V^.,  we  obtain  =  u  -  b  .  T}>erefcro, 
a  lower  confidence  bound  on  x  is  given  bj’’  u  -  b  (V  ,  where  (V  ),  is 


51 


the  100  (l-Qr)th  perceutile  of  correapondlng  to  the  appropriate  value 
of  ID  and  n,  and  the  specified  value  of  V*  The  values  in  Table  B-2  apply 
to  Y  '  l-exp(-l)  so  that  the  bounds  obtainable  from  these  values  are  for 
the  parameter  u.  Tables  B-3,  B-4,  and  B-5  apply  to  for  Y  “  .90,  .95, 
and  .  99 . 

A  (l-o-)-  level  confidence  bound  on  t^  is  given  by  exp  ^  ^^Y^l-C^j  ’ 

If  (u  -  Xj|j)/b  is  approx ioiately  equal  to  a  value  of  (^y)  tabulated,  then 
the  value  of  Y  corresponding  to  represents  (approximately)  a  confidence 
bounu  on  R(t^)  at  confidence  level  1-a.  The  hypothesis  is  r  - 

jected  at  significance  level  a  if  (u  -  X^)/h  < 

Before  ve  discuss  the  details  of  the  coioputational  procedures  used  in 
generating  the  percentiles  of  W  and  V^,  we  remark  that  these  tables  of 
percentiles  can  be  used  with  best  linear  unbiased  as  well  as  best  linear 
invariant  estimates  of  u  and  b.  For  u*  and  b^,  the  best  linear  unbiased 
estimators  of  u  and  b,  respectively,  lower  confidence  bounds  at  level  l-O' 
on  x^  and  on  b  are  given  by 

u*  -  B  bV(l  +  C)  -  [bV(l  +  C)] 
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and 

b*  /[W^(l  +  C)]  , 

2  2 

where  Cb  is  the  variance  of  b*  and  lb  is  the  covariance  of  u*  and  b*. 
This  follows  from  linear  relationships  between  best  linear  unbiased  and 
best  linear  invariemt  estimators  given  in 
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3.  COMPITTATIONAL  PROCEDURES  AND  EXAMPLE 


The  percentiles  of  VI  and  vere  computed  by  use  of  Monte  Carlo  techni¬ 
ques.  In  general,  the  lOOX th  percentile  of  an  arbitrary  random  variate 
X  having  density  f(x)  can  be  estimated  by  the  XNth  ordered  observation 


'(^N) 


from  a  sample  of  size  N.  In  fact,  the  distribution  of  X 


(XN) 


18  asymp** 


totically  normal  with  mean  and  variance  X(l_X)/N^f (xj^)J^  (see  Hosteller 

[13]). 


In  the  current  situation,  20,000  samples  were  generated  for  each  combina¬ 
tion  of  m  and  n  in  computing  the  percentiles  of  W  and  each  V^.  Therefore, 
because  of  computer  time  and  storage  limitations,  we  constructed  a  histo¬ 
gram  of  each  statistic  rather  than  storing  and  ranking  the  entire  20,000 
values  of  V  and  the  3  V^'s.  Each  histogram  was  placed  on  the  unit  inter¬ 
val  through  the  use  of  a  linear  transformation  performed  on  each  statistic 
that  sent  prior  approximations  to  the  first  and  99th  percentiles  to  0.1 
and  0,9,  respectively.  The  prior  approximations  were  made  by  generating 
1000  seuaples  of  the  W  and  V^'s  and  saving  the  lOtb  smallest  and  lOtb  lar¬ 
gest  values.  The  0.1  and  0.9  points  of  the  unit  interval  were  chosen  as  the 
image  points  of  ihe  asymptotic  approximations  to  the  first  and  99th  per¬ 
centiles  in  order  that  any  reasonable  errors  in  these  approximations 
would  not  cause  loss  of  information  in  the  tails  of  the  distribution. 
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Each  histogram  consisted  oi  300  subintarralB  ot  equal  length.  The 
estimates  of  the  percentiles  were  computed  by  use  of  linear  interpola¬ 
tion  in  the  histogram.  The  truncation  error  associated  vith  this  proce- 
diu'e  is  insignificant  compared  to  the  sampling  error  due  to  a  finite 
number  of  Monte  Carlo  samples.  The  values  tabulated  are  correct  to 
vithin  a  unit  in  the  second  significant  figure. 

Other  details  applying  to  estimation  of  the  percentiles  from  the  histo¬ 
gram  are  discussed  in  which  gives  percentage  points  of  statistics 

computed  concurrently  with  those  considered  here. 

In  order  to  illustrate  the  use  of  the  tables,  we  refer  to  data  shown  in  [73 
A  cooiplete  sample  of  twenty-four  failure  times  is  given  as: 


^1,24 

= 

6,0 

*S,24 

— 

69.0 

*17 

,24 

VS 

141.0 

^2,24 

8.6 

*10,24 

s 

74.0 

*18 

,24 

= 

144,0 

S,24 

* 

17.8 

*11,24 

- 

74.0 

*19 

,24 

- 

146.0 

"^4,24 

= 

18.0 

*12,24 

89.0 

*20 

,24 

= 

150.0 

^6,24 

27.5 

*13,24 

= 

109.0 

*21 

,24 

151.0 

^6,24 

* 

33.5 

*14,24 

118.0 

*22 

,24 

= 

153,0 

^7,24 

— 

50.6 

*15,24 

= 

119.0 

*23 

,24 

= 

153,1 

*8,24 

51.5 

*16,24 

e 

138.0 

153.2 

24 

,24 
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UMing  logarlthaa  of  the  failure  time  valuea  ^4  tables  of 

® 1,24, 24  *^1,24,24  C^]*  obtain 

24  24 


£ 

i-1 


*1,24,24 


i,24 


m  4.614  and  b  • 


1,24,24  *1,24 


0.569. 


1-1 


Thus,  a  90^  lover  tolerance  bound  for  the  failure  tine  population  at  con¬ 
fidence  level  .90  is  exp  ^u  -  ^  (3.07)j  •  exp  (4.614  -  1.74?)  -  17.64. 

A  90^  upper  confidence  bound  for  b  is  b/O.77  > 


O.7.). 
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Percentilof*  of  the  Distribution  of  W 
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m 

o.oa 

O.OB 

0.10 

0.28 

0.40 

0.60 

O.BO 

0.7B 

0.90 

0.96 

\ 

;  20 

3 

0,07 

0.12 

0.18 

0.33 

0,47 

0,58 

0,69 

0,91 

1.31 

1  ,60 

4 

0,15 

0.22 

0.29 

0.45 

0,59 

0,69 

0.79 

0,99 

1.34 

1.57 

5 

0,22 

0,29 

0.3T 

0,52 

0,66 

0,75 

0,85 

1.03 

1.34 

1.55 

6 

0,27 

0,35 

0.43 

0.58 

0,71 

0,79 

0.89 

1  ,05 

1.33 

1.5? 

7 

0,32 

0,40 

0.47 

0.62 

0.75 

0.83 

0.91 

1.07 

1,32 

1.49 

8 

0,35 

0,45 

0.51 

0.66 

0.78 

0,85 

0.93 

1  ,08 

1.30 

1.46 

9 

0,39 

0,47 

0.55 

0.69 

0,80 

0,87 

0,95 

1,08 

1 ,30 

1  ,44 

10 

0.43 

0,50 

0.57 

0.71 

0.82 

0,89 

0,96 

1,09 

1,29 

1.42 

1 1 

0,45 

0,53 

0.60 

0.73 

0,83 

0,90 

0,97 

1,09 

1  .28 

1.40 

12 

0.48 

0,55 

0.62 

0,75 

0,85 

0,91 

0.98 

1.09 

1.27 

1.38 

13 

0,50 

0,57 

0.64 

0,77 

0.86 

0.92 

0,98 

1  ,09 

1  .26 

1.36 

' 

14 

0,52 

0.60 

0.66 

0.78 

0.87 

0.93 

0.99 

1,09 

1  .25 

1.35 

15 

0,54 

0.61 

0.68 

0.79 

0,88 

0,93 

0,99 

1,09 

1,24 

1.34 

* 

16 

0.56 

0,63 

0,69 

0.81 

0,89 

0,94 

1.00 

1.09 

1.23 

1.33 

17 

0.58 

0.65 

0.71 

0.82 

0,90 

0.95 

1,00 

1  .09 

1.22 

1.31 

18 

0,60 

0,66 

0,72 

0.83 

0,90 

0,95 

1.00 

1.08 

1.22 

1.30 

19 

0,62 

0,68 

0.74 

0.84 

0.91 

0,96 

1.00 

1.08 

1,21 

1.20 

\ 

20 

0.64 

0.70 

0.75 

0.85 

0.92 

0.96 

1.01 

1.00 

1.20 

1.27 

21 

3 

0,07 

0,12 

0.18 

0.33 

0,47 

0.57 

0,69 

0,91 

1  ,30 

1.50 

4 

0,15 

0,22 

0,29 

0,45 

0,59 

0,68 

0.79 

0,99 

1.33 

1.57 

' 

5 

0,22 

0,29 

0,36 

0,53 

0.66 

0,75 

0.85 

1,03 

1.34 

1.55 

6 

0,28 

0,35 

0,43 

0.58 

0.71 

0,80 

0,89 

1,06 

1.34 

1.52 

1 

7 

0,32 

0,40 

0.47 

0.62 

0,74 

0,82 

0.91 

1,07 

1,33 

1.49 

8 

0,36 

0,43 

0.51 

0,66 

0.77 

0,85 

0,93 

1,08 

I  .32 

1.47 

! 

9 

0,40 

0,47 

0.54 

0.68 

0,80 

0,87 

0,95 

1.08 

1.30 

1.44 

10 

0,42 

0,50 

0,57 

0,71 

0,82 

6,88 

0.96 

1,09 

1 .29 

1.42 

11 

0,45 

0,52 

0.60 

0,73 

0.83 

0,90 

n.96 

1  .08 

1 .28 

1  .40 

12 

0,47 

0,55 

0.61 

0.75 

0.84 

0,91 

0,97 

1,09 

1.27 

1.39 

13 

0,50 

0.57 

0.64 

0.76 

0,86 

0,92 

0,98 

1,09 

1  .26 

1.37 

14 

0,52 

0.59 

0,65 

0.77 

0,86 

0,92 

0,98 

1,09 

1  ,25 

1.36 

15 

0,54 

0,50 

0.67 

0,79 

0,88 

0,93 

0.99 

1,09 

1,25 

1.34 

16 

0,56 

0,n3 

0,68 

0.80 

0,88 

0,94 

0.99 

1.09 

1  .24 

1.33 

17 

0,57 

0,64 

0,70 

0.81 

0.89 

0,94 

1.00 

1  .09 

1  .23 

1.32 

18 

0,59 

0,66 

0.71 

0.82 

0.90 

0,95 

1.00 

1,09 

1,22 

1.30 

19 

0.61 

0,67 

0,73 

0.83 

0.91 

0.95 

l,no 

1  ,09 

1  .21 

1.29 

20 

0,62 

0,68 

0,74 

0,84 

0,91 

0,96 

1,00 

1,09 

1  .21 

1.28 

21 

0.64 

0,70 

0,76 

0.85 

0,92 

0,96 

1,01 

1.08 

1.19 

1.26 

64 


0.68 


1,89 

1.81 

1 . 

1.70 
I  ,6S 
1  .61 
1,58 
1.54 
1.5? 
1 .50 
1 ,48 
1 ,46 
1.44 
1.42 
1.40 
1.37 
1.36 


1  .90 
1,07 
1,80 
1,73 
1,69 
1.66 
1.62 

1.50 
1,55 
1,53 

1 .50 

1.40 
1.46 
1.44 
1.42 

1.41 
1.39 
1.37 
1.34 


A. 


TABLE  B-1  -  (Continued) 
Peroentllea  of  the  Dlatribution  of  W 


D 

0.02 

0.05 

3 

C 

o 

0.12 

4 

0,  1  5 

0.22 

5 

0,?2 

0,29 

4 

0,27 

0,35 

7 

0,32 

0,19 

8 

0,16 

0,43 

9 

0.39 

0.47 

10 

0.43 

0.50 

n 

0,45 

0,52 

12 

0,48 

0,54 

13 

0,50 

0,57 

14 

0,52 

0.59 

15 

0,53 

0.4J 

16 

0.54 

0.62 

17 

0,57 

0,64 

18 

0,59 

0.65 

19 

0.61 

0.67 

20 

0.62 

0,48 

21 

0.64 

0,70 

22 

0,45 

0.71 

3 

0,07 

0.12 

4 

0.14 

0,21 

5 

0.21 

0.28 

6 

0,27 

0,34 

7 

0,31 

0.39 

0,?5  0,41 

0.19  0,47 

If’  0,4?  0,50 

n  0,45  0.52 

12  0,47  0,55 

13  0,50  0,57 

0,52  0,5R 

55  0.51  0,40 

0,55  0,42 

17  0.57  0.44 

1«  0.59  0,45 

19  0,40  0,44 

?0  0.4?  0,68 

^1  0.43  0,69 

22  0.45  0.70 

23  0,64  0,72 


0.10 

0.2B 

0.40 

0,18 

0.33 

0.47 

0,29 

0.45 

0,59 

0.37 

0,53 

0,66 

0,42 

0.5A 

0.71 

0.47 

0,62 

0,75 

0.51 

0,66 

0,77 

0,54 

0,69 

0.80 

0.57 

0.71 

0.81 

0,60 

0.73 

0.83 

0.62 

0.74 

0.84 

0.64 

0,76 

0.85 

0 , 46 

0.77 

0,87 

0.47 

0,79 

0,88 

0.69 

0.80 

0.88 

0,70 

0.81 

0.89 

0,71 

0,82 

0.90 

0.72 

0.83 

0,90 

0.74 

0.84 

0,91 

0.75 

0.85 

0.91 

0, 74 

0.85 

0.92 

0.18 

0.32 

0.46 

0.28 

0.44 

0,58 

0,35 

0,52 

0,45 

0.42 

0.57 

0,70 

0,47 

0.62 

0.75 

0.51 

0.66 

0,77 

0.54 

0,49 

0,80 

0,57 

0.71 

0,82 

0,59 

0,  73 

0,83 

0,62 

0.  15 

0.84 

0,43 

0,76 

0.85 

0.65 

0.78 

0,84 

0.47 

0,79 

0.8/ 

0,48 

0,80 

0,88 

0.70 

0.81 

0,89 

0.71 

0,82 

0.90 

0.  72 

0,81 

0.90 

0.  73 

0.81 

0.91 

0,74 

0,84 

0,91 

0.76 

0,85 

0,92 

n,  7  1 

0,92 

0.80 

0.80 

0.76 

0,57 

0,69 

0,92 

0.48 

0.  79 

0,99 

0,  75 

0,85 

1  .04 

0,80 

0,89 

1,06 

0.03 

0,92 

1,07 

0,85 

0,91 

1.08 

0,87 

0.95 

1,09 

0,89 

0,96 

1.09 

0.9fl 

0,97 

1  .09 

0.91 

0,98 

1  .09 

0,92 

0,98 

1,09 

0,92 

0,99 

1.09 

0,93 

0,99 

1.09 

0.94 

0.99 

1,09 

0,94 

1,00 

1,09 

0.95 

1.00 

1,09 

0.95 

1.00 

1.08 

0.95 

1.00 

1.08 

0,96 

1.00 

1  .08 

0,96 

1  .01 

1,08 

0,54 

0,48 

0,91 

0,68 

0,79 

0,99 

0,74 

0,85 

1.03 

0.79 

0,88 

1  .05 

0,83 

0.91 

1.07 

0,85 

0,93 

1.08 

0,87 

0,95 

1  .08 

0,88 

0,95 

1,09 

0,89 

0,96 

1,09 

0,91 

0.97 

1  ,09 

0,91 

0,98 

1,09 

0.92 

0,98 

1  .09 

0.93 

0,99 

1,09 

0,93 

0,99 

1.09 

0,94 

0,99 

1.09 

0.94 

1.00 

1,09 

0,95 

1,00 

I  .08 

0,95 

1,00 

1.09 

0,96 

1,00 

1  .08 

0,96 

1.01 

1  ,08 

0.96 

1.01 

1,08 

0.90 

0.06 

0.98 

1.32 

1.59 

1  .93 

1 .13 

1.57 

1.88 

1.34 

1,54 

1.81 

1 , 33 

1.53 

1 . 74 

1.33 

1 ,49 

1 .49 

1.31 

1  .47 

1.45 

1  .  30 

1  .44 

1,41 

1.29 

1  .42 

1.58 

1.28 

1  .41 

1.55 

1.27 

1.38 

1,52 

1.26 

1.37 

1.49 

1.25 

1 . 35 

1  ,44 

1.24 

1 .34 

1  .44 

1  .24 

1  .  33 

1.43 

1.23 

1.32 

1  .42 

1  .22 

1  31 

1  ,40 

1.2] 

1.29 

1,39 

1.21 

1.28 

1.37 

1.20 

1.27 

1.34 

1.19 

1.24 

1.33 

1.31 

1.59 

1  ,94 

1.33 

1.57 

1.84 

1.33 

1.55 

1.79 

1.34 

1.51 

1.73 

1.32 

1.48 

1  .68 

1,31 

1.47 

1  ,65 

1.30 

1 .45 

1.61 

1.29 

1  .43 

1.59 

1 .28 

1  .40 

1  .57 

1.27 

1,38 

1,54 

3.24 

1.37 

1.52 

1.25 

1 .36 

1,48 

1,25 

1.35 

1.47 

1.24 

1 . 33 

1.45 

1.23 

1  .33 

1.43 

1.22 

1,31 

1.42 

1.22 

1.30 

I  ,40 

1.21 

1.29 

1 ,38 

1.20 

1.28 

1.37 

1.19 

1.27 

1.35 

1,19 

1.26 

1.34 

TABLE  D-1  -  (CoDO lulled) 
Fereentllee  of  the  Dietrlbutlon  of  V 


;!4 


25 


a 

0.02 

0.06 

0.10 

O.go 

0.40 

0.60 

0.60 

0.78 

0,80 

0.96 

0.98 

3 

0,07 

0,12 

0.18 

0.33 

0,47 

0,57 

0.69 

0,9? 

1.29 

1,56 

1,90 

4 

0,15 

0,21 

0,28 

0,44 

0,59 

0,69 

0,79 

0,99 

1.32 

1 ,56 

1,85 

5 

0,21 

0,?« 

0,36 

0.52 

0,65 

0,75 

0.85 

1,03 

1  i33 

1.54 

1.79 

4 

0,27 

0,34 

0.42 

0.57 

0,70 

0,79 

0,89 

1,05 

1.33 

.  1.51 

1.73 

7 

0,32 

0.39 

0,47 

0.62 

0.74 

0.8? 

0.91 

1,07 

1.32 

1,69 

1.69 

8 

0,35 

0.43 

0,50 

0.65 

0.77 

0,85 

0,93 

1,07 

1.31 

1  .46 

1.65 

9 

0,39 

0,47 

0,54 

0.68 

0,79 

0,86 

0,94 

1,08 

1.30 

1  ,44 

1.61 

10 

0,42 

0,50 

0,56 

0,70 

0,81 

0,88 

0,95 

1  ,09 

l.?9 

1,42 

1,58 

U 

0,45 

0.5? 

0,59 

0,72 

0,83 

0.89 

0,96 

1,09 

1.28 

1.41 

1.56 

12 

0,47 

0,54 

0,61 

0.  74 

0,84 

0,90 

0,97 

1,09 

1,27 

1.39 

1.54 

13 

0,49 

0,56 

0.63 

0,76 

0.85 

0.91 

0,98 

1.09 

1.27 

1.38 

1.52 

14 

0,5? 

0,58 

0.65 

0,77 

0.86 

0,9? 

0,98 

1,09 

1,26 

1.36 

1.69 

15 

0,54 

0,60 

0,67 

0.78 

0,87 

0,92 

0,98 

1.09 

1.25 

1.35 

1.67 

16 

0,55 

0,62 

0.68 

0,  79 

0,88 

.  0,93 

0,99 

1.08 

1.24 

1,34 

1.65 

17 

0,57 

0,63 

0.69 

0,80 

0.88 

0,94 

0.99 

1  ,08 

1.24 

1.33 

1.66 

18 

0,58 

0,65 

0.70 

0.81 

0,89 

0,94 

0,99 

l.OA 

1.23 

1.32 

1.63 

19 

0,60 

0.66 

0.72 

0.82 

0.90 

0.95 

1  .00 

1.08 

1.22 

1.31 

1.60 

20 

0,62 

0,67 

0,73 

0.83 

0.90 

0,95 

1.00 

1,08 

I.2I 

1.29 

1.39 

21 

0,63 

0,68 

0,74 

0.84 

0.91 

0,95 

1,00 

1,08 

1.21 

1.28 

1.37 

22 

0,64 

0,69 

0,75 

0.84 

0.91 

0,96 

1.00 

1.08 

1.20 

1.27 

1.36 

23 

0,65 

0.71 

0,76 

0,85 

0,92 

0.96 

1,00 

1,08 

1.19 

1.26 

1.36 

24 

0,66 

0,72 

0.77 

0.86 

0.9? 

0,96 

1,01 

1,08 

1.19 

1.25 

1.33 

3 

0,07 

0,12 

0.18 

0,33 

0,67 

0,57 

0,68 

0,90 

1.29 

1.57 

1,91 

4 

0,15 

0,21 

0.28 

0,65 

0.59 

0,68 

0,  79 

0,99 

1.32 

1.56 

1.85 

5 

0.21 

0.28 

0,37 

0.52 

0,66 

0,74 

0,84 

1,02 

1.32 

1.54 

1,80 

6 

0.27 

0,36 

0.62 

0.58 

0,70 

0,79 

0,88 

1.04 

1.31 

1.50 

1.74 

7 

0.32 

0,39 

0,67 

0.62 

0,74 

0,82 

0,90 

1,06 

1.31 

1  .48 

1,69 

8 

0,35 

0,45 

0,51 

0.65 

0.77 

0,84 

0,92 

1,07 

1.30 

1,45 

1.65 

9 

0,39 

0.46 

0,56 

0,68 

0,79 

0,86 

0,94 

1,07 

1.29 

1.44 

1.62 

10 

0,42 

0,49 

0.57 

0,70 

0,81 

0.88 

0,95 

1,08 

1.28 

1.42 

1,59 

11 

0.44 

0,52 

0.59 

0,72 

0.82 

0,89 

0.96 

1.08 

1.28 

1.41 

1,57 

12 

0.47 

0,56 

0.61 

0.76 

0.84 

0,90 

0.97 

1.08 

1.27 

1.39 

i.54 

13 

0,49 

0,56 

0.63 

0.76 

0,85 

0,91 

0.98 

1,09 

1.26 

1.37 

1.51 

14 

0.51 

0,58 

0,65 

0.77 

0,84 

0,92 

0,98 

1,09 

1.26 

1 .36 

1.49 

15 

0.53 

0,60 

0,66 

0,  78 

0,87 

0,92 

0,98 

1,09 

1.25 

1.35 

1,47 

16 

0,55 

0,61 

0,68 

0,79 

0,88 

0,93 

0,99 

1,08 

1.24 

1.33 

1.65 

17 

0,56 

0,63 

0.69 

0.80 

0,8S 

0,94 

0.99 

1,09 

1.23 

1,32 

1.66 

18 

0,58 

0.66 

0.70 

0.81 

0.89 

0.94 

0,99 

1.09 

1.22 

1.31 

1.62 

19 

0,59 

0,66 

0,71 

0.82 

0.90 

0,95 

1,00 

1,08 

1.22 

1.30 

1,61 

20 

0,61 

0,67 

0,73 

0.83 

0,90 

0,95 

1.00 

1,08 

1.21 

1.30 

1,39 

21 

0,62 

0,68 

0,76 

0.83 

0.91 

0,95 

1,00 

1,08 

1.21 

1.29 

1,38 

22 

0,64 

0,69 

0,75 

0.86 

0,91 

0,96 

1.00 

I  ,08 

1.20 

1.28 

1.36 

23 

0.65 

0,70 

0.76 

0.85 

0,92 

0,96 

1.00 

1.08 

1.19 

1.27 

1.35 

24 

0.66 

0.72 

0,77 

0.86 

0.92 

0.96 

1  ,00 

1.08 

1.19 

1.26 

1.36 

25 

0.67 

0,73 

0.78 

0.86 

0,93 

0,97 

1.01 

1,06 

1.18 

1.25 

1.32 

ee 


V 


TABLE  B-2 


Percentiles  of  tlie  Distribution  of  (u-u)/b 


m 

0.02 

O.OS 

0.10 

0.26 

0.40 

0.50 

o.ao 

0.75 

0.90 

0.95 

0.98 

3 

3 

*4.47 

1 

-2.54 

-1.49 

-0,52 

-0.10 

O 

• 

c 

0.31 

0.44 

1.44 

2.12 

3.34 

4 

3 

-4.92 

•  3,89 

-2.32 

-0.84 

-0,29 

•  0,04 

0.18 

0,50 

1.06 

1.55 

2.43 

4 

-2,37 

-1,50 

-0,94 

-0.37 

•  0,08 

0,09 

0.25 

0.55 

1,07 

1  .49 

2.15 

5 

3 

-9.39 

•5.22 

-3,04 

•  1.22 

-0.50 

•0.19 

0,06 

0.40 

0,86 

1.20 

—-4476 

4 

-3.13 

-1,94 

-1,24 

-0,50 

-0,14 

0,02 

0,18 

0.45 

0,88 

1.22 

iTrv 

5 

-1,43 

•  1,04 

-0,73 

-0.31 

—0,04 

0,08 

0.22 

0,47 

0,89 

1.20 

1.64 

6 

3 

-10.54 

-4.12 

-3,72 

•1,54 

-0.49 

•0.32 

-0.04 

0,33 

0.75 

1.02 

1,39 

4 

-3,49 

-2.39 

-1.59 

-0.47 

-0.29 

-0,05 

0.12 

0.  38 

0,  /6 

1,03 

1  .42 

S 

•2,05 

-1,34 

-0.91 

•0.38 

-0.11 

0,04 

0.17 

0,40 

0,  f7 

1,04 

1.41 

4 

•1.29 

-0,91 

-0.44 

-0.28 

-0,06 

0,07 

0.19 

0,41 

0,  n 

1.04 

1.39 

7 

3 

•13,00 

-7,39 

•4,45- 

•  1.87 

-0,89 

-0.48 

•  0, 16 

0.26 

0.48 

0,90 

1,20 

4 

-4,47 

•2,95 

-1,94 

•  0,84 

•  0.34 

-0,13 

0,09 

0,32 

0,66 

0,89 

1.20 

5 

•  2.48 

•  1,59 

•  1.10 

-0,48 

-0,17 

-0,02 

0,12 

0,34 

0,66 

0,89 

l.?l 

4 

-1.54 

•1,04 

-0.73 

-0,32 

-0,10 

0.03 

0.15 

0,35 

0,90 

1.20 

7 

-1,09 

-0,79 

-0,54 

-0,24 

-0,04 

0,05 

0,17 

0,36 

oTJIT' 

1,18 

8 

3 

•  J  4, 34 

•8,15 

•  5.01 

>24  14 

•  1,04 

•0,58 

•0.21 

0,24 

0,67 

0,88 

1.12 

4 

-5,34 

•  3,30 

•2.18 

-0.99^-0,43 
-0,56  »«i.22 

•0,19 

0.02 

0,30 

0,64 

0.83 

1,0/ 

5 

•2,78 

-1,84 

-1,25 

-0,05 

0.10 

0,32 

0,62 

0.82 

1,07 

4 

•  1,80 

•1,20 

-0,63 

•  0,34 

•o.rp^ 

.0,01 

0.13 

0,33 

0.43 

0.82 

1,08 

T 

-1.28 

•0,88 

•0,41 

-0,27 

-0,07 

0.15 

0,33 

0,43 

0.82 

1 ,08 

fl 

•0.97 

•0,70 

-0,50 

-0.22 

•  0.09 

0,04.. 

^^r^6 

0,34 

0.63 

0,82 

1  ,07 

4 

3 

•15,48 

-9,12 

-5 , 44 

•2.38 

-1,17 

•0,66 

•0.2^ 

'"^20 

0,64 

0.86 

1  .06 

4 

-4,31 

-5,78 

-2,47 

-1.08 

-0,50 

-0,24 

•0,01 

0.61 

0,79 

1.00 

5 

•3,19 

•2,10 

-1,40 

•0.63 

-0.24 

-0,08 

0,08 

0,30 

^-^58 

0,76 

0,98 

4 

-2.01 

-1,38 

•0,94 

•0.41 

-0,19 

-0,01 

0,11 

0,30 

0/97.. 

0,74 

0,99 

7 

-1.43 

-0,99 

-0,70 

-0,51 

-rt.'.Q 

0,02i 

0,13 

0,31 

0,57 

^'S>,74 

0/76, 

0.99 

8 

•  1.08 

•  0, 74 

•0.55 

-0.25 

-0,07'^O,04l 

0,14 

0,11 

0,58 

.  0.99 

9 

-0.87 

-0.44 

-0,47 

-0.21 

•0,09 

^8^ 

0,15 

0.32 

0.53 

0.76 
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TABLE  6-2  -  (Continutd) 

P«ro«ntll*i  of  tho  Distribution  of  (a-u)/b 


n 


10 


11 


1? 


U 


■ 

0.02 

O.OB 

0.10 

0.25 

0.10 

0.60 

0.60 

0.76 

0.90 

0.08 

0.9B 

3 

•17.4% 

-9,98 

•  6,05 

-2.58 

-1,29 

•0,76 

-0,34 

0,17 

0,66 

0.87 

1.07 

4 

-6,54 

•4,17 

•  2,70 

•1,22 

-0,58 

-0,28 

•0,04 

0,27 

0.60 

0,77 

0.96 

5 

•3,56 

•2,37 

•1,56 

•0,73 

-0,31 

-0,12 

0,05 

0,28 

0,56 

0,72 

0,93 

6 

•?.?I 

-1,51 

-1,03 

•0,48 

-0.19 

-0,04 

0,09 

0,28 

0,54 

0,71 

0,92 

7 

•l.%6 

-1,08 

•0,77 

•0,15 

-0.12 

•  0,00 

O.ll 

0.28 

0,54 

0,70 

0,93 

a 

•1.20 

-0,86 

•  0.62 

•0,27 

•o.oa 

0.02 

0.12 

0.28 

0,53 

0.71 

0,93 

9 

•  0,97 

-0,70 

-0.50 

-0.23 

•0,06 

0,04 

0.13 

0,29 

0.54 

0,71 

0,93 

10 

•0,60 

•  0,60 

•  0,44 

•0,20 

•  0,04 

0.04 

0,14 

0,29 

0,54 

0,71 

0.92 

3 

-18.52 

•10.68 

•  6,42 

•2.76 

-1.41 

•  0.89 

-0.42 

0,13 

0,65 

0,87 

1,07 

4 

•  7.26 

-4,57 

-2.95 

•1.37 

•  0,66 

•0.36 

•  0.10 

0.24 

0.58 

0.75 

0,92 

5 

•  4,00 

•2,58 

-1,79 

•0.81 

-0,37 

-0,16 

0.01 

0.26 

0,54 

0,69 

0.88 

6 

•2.45 

-1,67 

-1.16 

•0.93 

-0,22 

-0,07 

0,06 

0,26 

0,52 

0.66 

0,85 

7 

•  1,70 

•1,21 

•  0,85 

•0,40 

-0,15 

-0,02 

0,09 

0,26 

0,50 

0,65 

0,86 

8 

•1.30 

-0,92 

•  0,66 

•0.30 

•0,11 

0,00 

0,10 

0,26 

0,50 

0,65 

0,86 

9 

•1.06 

•0.76 

-0.54 

•0.25 

•O.OA 

0,02 

0,11 

0,26 

0,50 

0.69 

0.86 

10 

•0,87 

•  0,63 

•  0,46 

-0,21 

—0 , 06 

0.03 

0.12 

0.27 

0.50 

0.69 

0.86 

11 

-0,75 

-0,55 

•  0^42 

•0,19 

•0.05 

0,03 

0.12 

0.27 

0,50 

0.65 

0.85 

3 

-19.08 

•11,23 

•  6.92 

-3,03 

•  1.98 

-0.97 

•0.49 

0.10 

0,64 

0,88 

1,10 

4 

•  7,44 

•4.81 

•3.17 

•1.47 

-0.74 

•  0,40 

-0,14 

0,21 

0,58 

0.75 

0,92 

9 

-•4,17 

-2,72 

•1,88 

•0,89 

•0.42 

•0,20 

•  0,01 

0,24 

0.53 

0.68 

0.84 

6 

-2.63 

-1.83 

-1.27 

•0,60 

•0.26 

•0.10 

0,05 

0,25 

0,50 

0.64 

0,81 

7 

•1.91 

•  1,32 

•  0,92 

•0.42 

•0,17 

•  0,04 

0,08 

0,25 

0,48 

0,62 

0,80 

8 

•1 ,41 

•  1,00 

•  0,  71 

•0,33 

•0,12 

•0,01 

0,09 

0,25 

0,48 

0,62 

0,79 

9 

^•1,15 

•0,80 

•0,58 

•0,27 

-0,09 

0,01 

6,10 

0,25 

0,47 

0,62 

0.80 

10 

^•0.91 

-0,67 

•0,48 

•0,23 

•0.07 

0,02 

0,11 

0,25 

0,47 

0.62 

0,80 

11 

•0,78 

•0,58 

-0.43 

•0,20 

•0,06 

0.03 

0.11 

0.25 

0,47 

0.62 

0.80 

12 

-0.69 

•0,93 

•0,39 

•0.19 

-0.05 

0.03 

o.n 

0,25 

0,47 

0.62 

0.79 

3 

-19,77 

-11,66 

-7.41 

-3,21 

-I  ,64 

-1  ,02 

-0,54 

0,08 

0,65 

0,88 

1  ,09 

4 

•8.22 

•5.2) 

-3.3/ 

-1,60 

-0.82 

-n.48 

-0,19 

0.20 

0,59 

0.76 

0.93 

5 

•  4,44 

-2,95 

-1,99 

•  0,96 

-0,47 

•0.24 

•  0.04 

0,24 

0,54 

0.68 

0,84 

6 

-2.86 

-1,94 

•1.39 

•  0.66 

-0,31 

•0,13 

0.03 

0,25 

0,51 

0.64 

0.79 

7 

-2,04 

-1,40 

•0,98 

•0,46 

-0,19 

•0,06 

0,06 

r,,25 

0,47 

0.61 

0,77 

8 

•1.52 

•1,06 

-0,77 

•0,36 

•0.14 

-0,02 

0,08 

0,24 

0,46 

0,59 

0,75 

9 

-1,18 

•0.86 

-0.61 

-0.29 

-0.10 

-0,00 

0,09 

0,24 

0,45 

0.58 

0,  74 

10 

•1.00 

-0,72 

-0.52 

-0.24 

-0.08 

0.01 

0.10 

0.24 

0.45 

0.58 

0.  74 

11 

•  0.85 

•0,63 

•0.45 

•  0.21 

—0,06 

0,02 

0.11 

0.24 

0,45 

0.58 

0.75 

12 

•0,74 

•0,96 

•0.41 

•0.19 

-0,09 

0,03 

O.n 

0.25 

0,45 

0.59 

0,75 

13 

-0,67 

-0,91 

•0.38 

•0.18 

•0,05 

0,04 

0.11 

0.25 

0,45 

0.59 

0,75 
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TABLE  B-2  -  (Continued) 


P«ro«ntilea 

at  the  Diatri:>utlon  of  (u- 

u)/b 

n 

■ 

0.02 

0.06 

0.10 

0.25 

0.40 

0.80 

0.80 

0.78 

0.00 

0.P6 

O.PB 

U 

3 

•21,44 

-12,49 

•7.65 

•3,31 

-1.71 

-1.08 

-0.5T 

0,06 

0,45 

0,90 

i.n 

A 

•  8,30 

•  5,38 

•  3,53 

•1.68 

-0,87 

•0.49 

•0.20 

0,19 

0,59 

0,7  7 

0,94 

5 

•  4,72 

•3,13 

-2.17 

-1.03 

-0,51 

•0,26 

•  0,04 

0,24 

0,54 

0,49 

0,H4 

6 

•3,07 

-2,10 

-1.45 

-0.70 

-0.32 

-0,14 

0,02 

0,24 

0,50 

0.63 

0,79 

7 

•2,16 

-1,50 

-1.06 

-0.50 

-0.22 

•0,07 

0,06 

0.24 

0,47 

0.60 

0.75 

8 

•1,67 

•1.15 

•  0,81 

•0,39 

•0.15 

-0.04 

,0,08 

0.24 

0,45 

0,58 

0,  73 

9 

•1,30 

-0,93 

-O.j  66 

•0,30 

-0,11 

-0,01 

0,09 

0,23 

0,44 

0,56 

0,  72 

10 

•1,07 

•  0,76 

•0,54 

•0,26 

-0,09 

0.00 

0,09 

0,23 

0,43 

0,56 

0,  72 

1  1 

•0,89 

•  0,65 

-0,48 

-0,22 

-0,07 

0.01 

0,09 

0,23 

0,43 

0,56 

0.72 

12 

•0,  76 

-0,57 

-0,42 

-0.19 

•0.06 

0.02 

0,10 

0,23 

0.43 

0.56 

0.72 

13 

•0.68 

-0.51 

•0.38 

-0.18 

•0,05 

0,02 

0.10 

0.23 

0.43 

0.56 

0.72 

16 

•0,63 

-0,47 

•  0.36 

-0.17 

-0.05 

0,03 

0,10 

0,23 

0.43 

0.56 

0.72 

IS 

3 

•23,14 

•13.14 

-8,14 

-3.63 

•1,92 

•  1,20 

-0.65 

0.02 

0.64 

0.89 

1  .  1? 

4 

•8,79 

•5,55 

-3.74 

-1.78 

•0,94 

•0,55 

-0,23 

0.19 

0,60 

0,78 

0,95 

5 

•  4.88 

-3.35 

•2,27 

•1.10 

•  0,56 

•  0,29 

•0.07 

0,23 

0.55 

0.70 

0,85 

6 

•3.21 

•2,21 

-1,55 

•0.75 

•0,36 

-0.17 

-0,00 

0,23 

0.50 

0,64 

0,  78 

7 

•2,29 

•1  ,56 

•1,11 

•0.55 

-0,25 

-0,09 

0.04 

0,23 

0,47 

0,59 

0,74 

6 

•1,72 

•1,20 

•  0,86 

•0,42 

-0,18 

•0,05 

0,06 

0,23 

0,45 

0,57 

0,71 

9 

•1,35 

•  0,96 

•0,70 

-0.35 

•0.13 

•0,03 

0,07 

0,23 

0,43 

0,56 

0.69 

10 

•ItlO 

•0,82 

-0.59 

-0.28 

•0,10 

-0,01 

0,08 

0,23 

0,42 

0.55 

0,68 

1 1 

•0,96 

-0,70 

-0.51 

•0,24 

•  0,08 

O,0l 

0,09 

0.23 

0.42 

0.54 

0,69 

12 

•  0,83 

-0,62 

•  0,45 

•0.21 

-0,07 

0,01 

0.09 

0,23 

0.41 

0,54 

0,68 

13 

•0,73 

-0,55 

•0,4l 

•0,19 

•  0.06 

0,02 

0,10 

0,23 

0,41 

0,54 

0,68 

14 

•0,66 

•0,50 

•(>,3  7 

•0,18 

•0.05 

0,03 

0,10 

0,22 

0,4) 

0.54 

0,68 

IS 

•0,59 

•  0,46 

-0.35 

•0.17 

•0,04 

0.03 

0,10 

0.23 

0,42 

0,54 

0.68 

16 

3 

•22.72 

•13.55 

-8,42 

•3.73 

-2,01 

-1.27 

•  0,69 

0,00 

0 , 66 

0,92 

1.13 

4 

•9,38 

-5,89 

-3,92 

-1.89 

•  0,99 

•0,58 

•0.24 

0.18 

n,ho 

0.79 

0.97 

5 

•5,17 

•  3,45 

-2,35 

•1,15 

•0,58 

-0,32 

-0,10 

0,21 

0,54 

0,70 

0.85 

6 

•  3,34 

•  2,34 

-1,64 

-0,79 

•0,38 

-0.19 

-0.01 

0,22 

0,50 

0.63 

0,7/ 

7 

•7,42 

•1,68 

-1.19 

•0.57 

•  0,27 

-0,11 

0,03 

0.23 

0.46 

0,59 

0.73 

8 

•1,81 

•1,30 

•0,93 

•0,44 

-0,19 

-0,06 

0,05 

0.22 

0,44 

0,56 

0,70 

9 

-1  .44 

-1  ,05 

•0,74 

-0,36 

-0,14 

-0.03 

0.07 

0.22 

0,42 

0.54 

0,68 

10 

-1,18 

•0 , 86 

•0,6l 

-0,29 

-0.11 

-0,01 

0,07 

0,21 

0,41 

0,53 

0.67 

1 1 

•1,00 

-0,72 

-0,52 

•0,25 

•  0.08 

0,00 

0,08 

0.21 

0.41 

0,52 

0.66 

12 

•  0,87 

-0,64 

•0,46 

-0,21 

•0,07 

0.01 

0.09 

0,21 

0.40 

0,52 

0.66 

13 

•0.76 

-0.56 

•0,41 

•0,19 

•  0,06 

0,02 

0,09 

0.21 

0,40 

0.52 

0.66 

14 

-0,68 

•0..51 

•0.37 

-0.17 

•  0.05 

0,03 

0,10 

0.21 

0.40 

0.52 

0,66 

15 

•0,61 

•0,46 

-0,35 

-0,16 

-0,04 

0,03 

0,10 

0,22 

0.40 

0,52 

0,66 

16 

-0,56 

•  0,44 

•0,33 

•0.15 

•0,04 

O.t  3 

0,10 

0,22 

0,40 

0.52 

0,66 

69 


V.. 


3 

«?4,39 

•13,91 

•  0.00 

-3,79 

•7,01 

-1,27 

-0,69 

0,04 

0,69 

0,99 

1.17 

4 

-9.31 

-6,09 

-4,07 

•1.92 

•  1  ,  oo 

-0.60 

•0,76 

0,17 

0,67 

0.81 

0,98 

3 

•9,32 

•  3,60 

-2,90 

•1.71 

-0,62 

-0,34 

•0,10 

0,71 

0,95 

0,72 

0,86 

6 

•  3,94 

-7,43 

-1,79 

•0,09 

-0.42 

-0.21 

«0,03 

0,73 

0,90 

0.64 

0.78 

T 

-7,60 

•1,02 

•1  .20 

•0,62 

-0.79 

-0.13 

0,02 

0,2? 

0.46 

0,99 

0.  71 

0 

-1,94 

•1,19 

-0,98 

•  0.48 

-0.?1 

-0,07 

0,09 

0.22 

0.44 

0,95 

0,68 

9 

"1.49 

•  i.n 

-0,78 

•  0.38 

-0,17 

-0,09 

0.06 

0.21 

0.4? 

0,93 

0,66 

10 

-1.29 

-0,9? 

•  0,66 

-0,32 

•  0,13 

-0,03 

0,07 

0.21 

0,40 

0,91 

0,64 

1 1 

-1 .07 

-0,77 

•  0, 96 

-0.27 

-0.10 

-0,01 

0.07 

0,71 

0,39 

0,90 

0,63 

12 

-0,90 

-0,67 

•0,90 

-0,24 

-0,00 

-0,00 

0.00 

0,21 

0,39 

0,49 

0.63 

13 

-0,00 

•0,99 

•0,44 

•0,21 

•  0,07 

0,01 

0.00 

0,20 

0,30 

0,49 

0.63 

14 

-0,72 

-0,94 

—0 , 40 

-0.19 

•  0  ,  O4 

0,01 

0.00 

0,20 

0.30 

0.49 

0.63 

19 

-0,69 

•0,49 

-0, 36 

•0.18 

•0,09 

0,02 

0,09 

0,20 

0,30 

0.40 

0,67 

16 

-0,60 

•0,46 

•0.34 

•0, 16 

-0,09 

0,02 

0,09 

0.21 

0,30 

0,40 

0,63 

17 

•  0,96 

•0,43 

-0,32 

•0,16 

-0,09 

0.02 

0.09 

0.71 

0.38 

0.49 

0,63 

3 

•29,92 

•14,29 

-0.73 

-3.04 

-2,01 

-1.27 

•0,69 

0,07 

0,69 

0,97 

1.21 

4 

-9,67 

-6.23 

-4.12 

-2.00 

-1,04 

-0,63 

-0,29 

0.17 

0,6? 

0.83 

1,00 

5 

-5.99 

•3,74 

-2,99 

•1.27 

•  0,66 

-0,36 

-0,12 

0,21 

0,96 

0,72 

0,87 

6 

-3,67 

•  2,96 

•1,77 

•  0,00 

-0,43 

-0,23 

-0.03 

0.27 

0,51 

0,69 

0.78 

7 

-2,64 

•  1,07 

-1,31 

•  0,69 

-0.31 

-0.14 

0,01 

0,7? 

0,47 

0,60 

0,77 

0 

-2,02 

•  1,42 

-1.02 

-0,91 

•0,23 

•0,09 

0,04 

0,72 

0,44 

0,95 

0,68 

9 

-1,62 

•1,16 

•0.03 

•  0.40 

-0,17 

•0,06 

0,09 

0,21 

0,42 

0,52 

0,65 

10 

•1,33 

-0,99 

•  0,67 

•0,33 

-0,13 

•0,03 

0,06 

0,71 

0,40 

0,50 

0,63 

1 1 

•1.13 

•0,01 

-0,90 

-0.20 

-0,11 

•0,01 

0,07 

0,71 

0,30 

0.49 

0,67 

12 

•0,99 

•0,69 

-0,50 

-0,24 

•0,00 

•0.00 

0.00 

0,20 

0,37 

0.48 

0,61 

n 

-0,84 

•0,61 

-0,45 

•0,21 

-0,07 

0.01 

0,00 

0,20 

0,37 

0,40 

0.61 

14 

•  0,74 

•0,59 

•  0.40 

•0,19 

•0,06 

0.01 

0,00 

0,20 

0,37 

0,40 

0,60 

19 

-0,67 

•  0,50 

-0,37 

•0.10 

-0,09 

0,0? 

0,09 

0,70 

0,37 

0,40 

0,61 

16 

•0.61 

-0,46 

•  0,39 

•0,  16 

-0,05 

0,07 

0,09 

0,70 

0,37 

0,40 

0,60 

IT 

-0,97 

-0,44 

•  0.3? 

-0,19 

-0,04 

0,02 

0,09 

0,70 

0.37 

0,40 

0,61 

18 

•0,94 

•0,41 

•0,31 

•0,19 

•0,04 

0,02 

0,09 

0,70 

0,37 

0,40 

0,61 

3 

-25.46 

-14.04 

-9,73 

•  4.11 

-2,17 

-1,37 

•  0,77 

•  0,07 

0.60 

0.96 

1.77 

4 

-10,39 

•  6 , 96 

•4,35 

•2,00 

•  1,13 

•  0,67 

-0,31 

0,19 

0,6? 

0,83 

1  ,01 

5 

•9,84 

-3,94 

•2,60 

•1,31 

•0,69 

-0,39 

-0.14 

0,21 

0,97 

0.77 

0,07 

6 

•  3,  76 

-2,62 

-1,84 

•0,92 

-0,46 

-0.24 

•  0.09 

0.7? 

0.51 

0,69 

0,78 

7 

-7,77 

-3  ,94 

•  1,30 

•  0.66 

•0.53 

•  0.16 

0,00 

0.7? 

0,47 

0,99 

0.  71 

0 

-2,  1  1 

-1,90 

•  1.07 

•  0,53 

-0,79 

-0,10 

0,04 

0,7? 

0,43 

0.95 

0,67 

9 

•1,67 

-1.20 

-0.07 

•0.42 

-0,19 

—0,06 

0,09 

0,21 

0,41 

0,97 

0,63 

10 

-1.37 

-0,90 

-0,72 

•0.39 

-0,l4 

•  0,04 

0,06 

0,21 

0.40 

0,90 

0,6? 

1  1 

•  1,13 

•  0,04 

•0,61 

-0,29 

•  0,11 

-0.02 

0,07 

0,20 

0.38 

0.48 

0,61 

12 

-0,97 

•0,77 

-0,93 

•  0,25 

-0,09 

-0,01 

0,07 

0,20 

0,37 

0.48 

0,60 

1  3 

•  0,04 

-0.63 

•0,46 

-0.77 

-0,08 

0,00 

0,00 

0.70 

0,36 

0,47 

0,59 

14 

•  0,  79 

-0.96 

-0.41 

•  0.20 

-0,07 

0,01 

0,08 

0,20 

0.36 

0.47 

0,99 

19 

-0,60 

-0.51 

-0,37 

•0.18 

— 0 . 06 

0,03 

0,08 

0,19 

0,36 

0.47 

0,99 

16 

-0.62 

•0,47 

-0,35 

•0,17 

-0,09 

0,02 

0,08 

0,19 

0,36 

0,46 

0,99 

17 

•  0,90 

-0,44 

•  0,33 

•  0,16 

-0,09 

0,02 

0,08. 

0,19 

0,36 

0,46 

0,98 

10 

•  0,94 

•0,41 

•  0,31 

-0.19 

-0.04 

0.02 

0,08  ' 

-0,19 

0,36 

0.46 

0,99 

19 

-0,91 

•0.39 

-0,30 

-0.15 

—0 . 04 

0,02 

0,09 

0.20 

0,36 

0.46 

0,99 
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TABLE  B-2  -  (Continued) 

Foroontllo*  of  the  Dlatrlbution  of  (u-tt)/% 


0.02 

0.05 

0.10 

0.25 

0.40 

0.80 

0.80 

0.78 

0.90 

0.96 

0.98 

3 

•26.67 

-15.33 

-9,32 

-4,12 

-2,18 

-1,40 

•  0.79 

-0,02 

0,  /I 

0,99 

1.25 

A 

-10,49 

-6,64 

•  4,47 

-2.15 

•1.16 

•  0,  70 

-0,  34 

0,15 

0,6? 

0.8  3 

J  .02 

5 

•  5,99 

-4,00 

-2,78 

-1,37 

-0,71 

•0,41 

•0,  16 

0,19 

(>,S6 

0.73 

0.89 

h 

•  3,95 

-2,73 

•  1,94 

-0.96 

•  0,49 

-0,26 

-0,06 

0,21 

n,M 

0,65 

0,79 

7 

-2,91 

•  2,04 

•1.43 

•  0.72 

•  0,35 

-0,17 

•  0,01 

0.21 

0.46 

0,59 

0,72 

B 

-2,20 

-1,55 

-1.11 

-0,55 

-0,26 

-0,11 

0,02 

0.21 

0,43 

0.55 

0,6H 

9 

•1,72 

•  1,26 

•  0,91 

-0, 44 

-0,19 

-0,07 

0,04 

0,21 

0,41 

0,52 

0,03 

10 

-1.42 

•1,03 

-0,75 

-0.37 

-0,15 

-0,05 

0,05 

0,20 

0,39 

0.49 

n,  50 

n 

-1.19 

•D,8H 

-0,63 

-0.31 

-0,13 

.0,03 

0,06 

0.20 

0,38 

0.47 

0.59 

12 

•1,02 

•  0,76 

•0,56 

•  0.26 

-0,10 

•0,01 

0,07 

n,20 

0.36 

0.46 

0.59 

13 

•  0,89 

•0,67 

-0.49 

-0.23 

-0,08 

-0,00 

0.07 

0.19 

0.35 

0,46 

0.58 

14 

•  0,80 

-0  59 

•  o .  «  3 

-0.20 

•  0,07 

0,01 

0,08 

0.19 

0,35 

0,45 

0,57 

15 

-0.72 

•0.53 

-0^39 

•0.19 

-0,06 

0,01 

0.08 

0,19 

0,35 

0,45 

0,57 

16 

-0.65 

-0,49 

-0,37 

-0.17 

•0,05 

0,02 

0.08 

0.19 

0,35 

0,45 

0,57 

IT 

-0,60 

•0.46 

•0,35 

-0.16 

-0.05 

0,02 

0,08 

O,  19 

0,35 

0,45 

0.57 

IB 

•0,56 

-0,43 

•0,33 

•0.15 

-0,04 

0,02 

0.08 

0,19 

0,35 

0,45 

0,5  7 

19 

•  0,53 

-0,41 

•0.31 

-0.14 

-0,04 

0.02 

0,08 

0.19 

0,35 

0,45 

0,57 

20 

•0,50 

•0,40 

•0.30 

-0.14 

-0,04 

0,02 

0,09 

0,  19 

0.35 

0,45 

0.57 

3 

•27,07 

•15.81 

•9,63 

•4,26 

-2,27 

-1,43 

•0,79 

•0.03 

0,69 

0,99 

1.24 

4 

-10,99 

•6,70 

•4,48 

•2,22 

-l.lH 

•  0,72 

•0,35 

0,14 

0,63 

0,84 

1.03 

5 

-6,22 

-4,17 

•  2.89 

-1,40 

-0,74 

•  0,43 

•0,16 

0.  19 

0.57 

0,74 

0,90 

6 

•  4,06 

•2,83 

•  2,00 

-0,99 

-0,50 

-0,26 

-0,06 

0,21 

0,52 

0,66 

0,81 

7 

•  2,94 

•  2,07 

-1,49 

•  0,73 

-0 , 36 

-0.17 

•0.01 

0,22 

0,48 

0,61 

0,  73 

a 

•2.27 

•1,62 

•1,14 

•  0.57 

•0,27 

•0,12 

0,02 

0,22 

0,44 

0,56 

0,67 

9 

-1,81 

•  1,31 

•0,95 

•  0,47 

-0.21 

-0,OB 

0,04 

0,21 

0,41 

0.52 

0,63 

10 

-1,51 

•1,10 

•0,7« 

•0.39 

-0.16 

-0,05 

0,05 

0,20 

0.39 

0,49 

0,60 

11 

•1,27 

-0,93 

•0,66 

•0.32 

-0, 1 4 

•  0,04 

0,06 

0.20 

0,37 

0,4  7 

0,59 

12 

•  1,10 

-0,80 

•0.58 

-0.28 

-0,11 

-0,02 

0.06 

0,19 

0.36 

0,46 

0,5  7 

13 

•0.94 

-0,69 

•0,50 

•0,24 

•  0,09 

•0,01 

O.OT 

0,19 

0,35 

0,45 

0.56 

14 

-0,83 

•0,61 

•  0,45 

-0.21 

•  0,08 

0,00 

0,07 

0,18 

0,34 

0,44 

0.56 

15 

-0,75 

•0,56 

•  0,40 

-0.19 

•  0,07 

0,01 

.0,07 

0.18 

0,34 

0.44 

0.55 

16 

-0,67 

-0,51 

•0.37 

-0,18 

-0,06 

0,01 

0,08 

0,18 

0,33 

0,44 

0,55 

17 

•  0,62 

•  0,47 

•0.35 

-0.17 

-0,05 

0.01 

0,08 

0,18 

0,33 

0,44 

0,55 

IB 

-0.58 

-0,44 

•0,32 

-0,15 

-0,05 

0,02 

0.08 

0,18 

0,33 

0,44 

0,55 

19 

-0.54 

•0,4] 

-0,31 

-0.15 

-0,04 

0,02 

0,08 

0.18 

0,33 

0,43 

0,55 

20 

-0,  51 

•«.39 

-0.29 

•  0. 14 

-0,04 

0,02 

0,08 

0,18 

0,33 

0.44 

0,55 

21 

-0,50 

•0,38 

-0,29 

•  0.14 

-0,04 

0,02 

0,08 

0,18 

0,33 

0,44 

0,55 
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TABLE  B~&  (CoDtlnutd) 

of  th*  OUtributlOD  of  {'u-u)A 


n 

0.02 

0.08 

0.10 

0.38 

0.40 

2? 

3 

-27.64 

-16,16 

-9.40 

-4.39 

-2, 3o 

4 

-11,07 

-6,99 

-4.70 

-2.29 

•1.22 

5 

-6,39 

-4.14 

-2.69 

-1.44 

•0,76 

-4,16 

-2,66 

-2,02 

•1*03 

-0,92 

7 

-3,12 

-2,15 

•  1,93 

•0,78 

•0,39 

fl 

-2.39 

•1,68 

•1.19 

•0.61 

•0,29 

V 

-1.91 

•  1.39 

•0.96 

•0.48 

•0,22 

10 

-1.53 

•  1.11 

•0.60 

-0.39 

•0,17 

n 

•1.31 

•  0.95 

•0,69 

•  0.34 

•0,14 

12 

-1,13 

-0,41 

-0,99 

•0,2V 

•0.12 

13 

-0.96 

•0.71 

•0,92 

•0,29 

-0.10 

!♦ 

•0,49 

•0,64 

•  0,46 

•0.29 

•0,04 

19 

-0,76 

•0,9T 

•  0.42 

-0.20 

•0,07 

lA 

•0,70 

•0,51 

•0.38 

-0.18 

•0,06 

17 

•0,64 

-0,44 

-0.39 

-0.17 

-0,05 

18 

-0,98 

•0,49 

-0.33 

•0,  16 

•0.05 

lO 

•0,99 

-0,42 

-0,31 

•o.is 

•0,05 

20 

•0,52 

-0,40 

•0,29 

•0.14 

•0,04 

21 

-0,49 

-0.34 

•0.28 

•0.14 

•  0,04 

22 

•0,4T 

•0,37 

-0.27 

-0.19 

•0,04 

23 

3 

•26,62 

•16,34 

•10,14 

•4.63 

•2,49 

A 

•12.02 

-7,45 

•9,06 

•2.41 

•1,31 

5 

•6,41 

•4.95 

•3.12 

•  1.59 

•  0,44 

6 

•  4,44 

•3,07 

•2.18 

•1,09 

-0,96 

7 

-3,19 

•2.29 

•  1,60 

•0,61 

•0,40 

4 

-2.53 

•1,77 

•  1,26 

•0.63 

•0,31 

9 

-1,94 

-1.42 

•1,03 

-0,91 

•0.24 

10 

•1,61 

•1,17 

•0.85 

•0.43 

•0.19 

11 

•  1,36 

-1,00 

-0,72 

-0.36 

•0,  16 

12 

-1,17 

-0.45 

■•0,61 

•0,31 

-0,13 

13 

-1,02 

•  0,t5 

•0,99 

•  0,27 

•0,11 

14 

-0.49 

•  0,66 

•  0,48 

-0,24 

•0,09 

15 

-0.41 

•  0,60 

-0,44 

-0,21 

•0,08 

16 

"0,73 

-0,54 

—0,40 

•0,19 

•0,07 

17 

-0,66 

•  0,90 

-0,  96 

-0.18 

•0,06 

IS 

-0.61 

—0,46 

•0,34 

•0,17 

•0,05 

19 

-0,97 

•0,43 

-0,32 

•0,19 

•0,05 

20 

-0.93 

-0,40 

-0,30 

•0,14 

•0,09 

21 

•0,49 

-0,38 

-0.29 

•0,  14 

•  0,04 

22 

-0,47 

-0,37 

-0.28 

•0,13 

•0,04 

23 

•0,46 

-0,36 

-0,27 

-0,13 

•0,04 

0.80 

0.60 

0.78 

0.90 

0.96 

0.98 

•1,44 

-0,41 

-0,02 

0,  f2 

1 ,03 

1.29 

-0,79 

•0,37 

0,14 

0,65 

0,46 

1  ,06 

•0.44 

-0,16 

0,19 

0,54 

0,75 

0,9? 

•  0,28 

•0,07 

0.21 

0.53 

0.64 

0,42 

-0,19 

-0.02 

0,22 

0.49 

0,61 

0, ;  4 

•  0,13 

0.01 

0.21 

0,45 

0,56 

0,64 

-0.09 

0,03 

0.21 

0,41 

0,52 

0,63 

-0,06 

0,09 

0,20 

0,39 

0,49 

0,60 

•0,04 

0.06 

0,20 

0,34 

0,47 

0,58 

•0,02 

0,06 

0.19 

0.36 

0,46 

0,5  7 

-0,01 

0.0/ 

0.19 

0,35 

0,45 

0,56 

•0,01 

0,07 

0.14 

0,35 

0,44 

0.55 

0,00 

0.07 

0,14 

0,34 

0,44 

0,54 

0,01 

0,07 

0.18 

0,34 

0,43 

0,54 

0,01 

0,07 

0,18 

0.33 

0.43 

0,54 

0.01 

0,04 

0.14 

0.33 

0.43 

0,54 

0,01 

0,07 

0.14 

0.33 

0.43 

O,  54 

0,02 

0,08 

0,14 

0,33 

0,43 

0,54 

0,02 

0,08 

0.18 

0.33 

0,43 

0,54 

0.02 

0.04 

0,18 

0,33 

0,43 

0,54 

•  1  .57 

•  0,89 

•0,07 

0,72 

1,02 

1.30 

•  0,82 

-0.40 

0,13 

0,65 

0,48 

1,04 

-0.49 

•0,20 

0,18 

0,94 

0,77 

0,93 

•0,31 

•0,09 

0,21 

0,53 

0,69 

0,82 

•0,21 

•0,03 

0.21 

0,49 

0.62 

0,  75 

•O.U 

0.01 

0,21 

0,45 

0,57 

0.7(» 

•0,10 

0.02 

0,21 

0,42 

0,54 

0,65 

•0,07 

0,04 

0,20 

0,40 

0,50 

0,62 

•0,05 

0,05 

0,19 

0,34 

0.48 

0,5« 

•0,03 

0,05 

0,19 

0,36 

0.46 

0,5  7 

•0,02 

0,06 

0.19 

0,35 

0,45 

0,55 

•0,01 

0.06 

0.14 

0,  34 

0,43 

0,54 

»n,no 

0,07 

0.18 

0,34 

0,43 

0.54 

0,00 

0,07 

0,18 

0,33 

0,42 

0,53 

0,01 

0,07 

0,17 

0,33 

0.42 

0,53 

0,01 

O.Cl 

0,07 

0,07 

0.17 

0.17 

0.32 

0,32 

0.42 

0,42 

0.53 

0,S3 

0.01 

0,07 

0,17 

0,32 

0.41 

0,53 

0,01 

0,07 

0,17 

0,3? 

0.41 

0,53 

0.02 

e,o7 

0,17 

0,3? 

0.41 

0,53 

0.02 

0,07 

0.  IT 

0.3? 

0.41 

0.53 

72 


TABLE  B-2  -  (Conolod^d) 
f-#rr*ntlU«  of  tho  Ploipibutlon  of  (u-o)/b 


jn  m 

0.02 

O.OB 

0.10 

0.26 

0.40 

?*,  3 

-29,06 

•16, 4B 

•10,49 

-4,64 

•2, 47 

4 

•11,67 

-7.41 

•  4,93 

•2.41 

•  1 , 30 

3 

•6,«7 

•4,59 

-3,13 

•1.36 

•0,ft3 

6 

•4,37 

•3,12 

-2,19 

-1.1? 

•0,57 

7 

•3.28 

-2,30 

-1.65 

•0,B« 

•0,4? 

B 

•2,30 

-1,81 

-1.29 

-0,66 

-0,3? 

9 

•1,96 

•1,42 

•1,04 

•0,33 

^'0, 25 

lo 

•1,67 

•1,20 

-0.67 

•0,43 

•0,?0 

»  1 

•1,40 

•1.0? 

-0.73 

-0.36 

•0,  1 A 

12 

-1.22 

•O.BB 

•0,64 

-0,31 

-0 , 1 4 

1  3 

•1.06 

•  0,76 

•  0,56 

•0,2fl 

•0,1? 

•0,9? 

•  0,68 

-0,49 

•0,24 

•0.  10 

1  5 

•O.fl? 

•  0,61 

-0.44 

-0,21 

-0.0ft 

)A 

•0,74 

•0,  56 

-0.40 

•0.19 

•0,07 

17 

•0,69 

-0.51 

•0,37 

-n.lft 

•0,07 

IR 

•0,63 

•0.47 

-0,35 

•0.17 

-0,06 

19 

•0.39 

•  0,44 

•0,33 

-0.16 

•0,05 

20 

•0,35 

•0,41 

-0.31 

-0.15 

•0,08 

21 

•0,51 

•0.39 

•0,30 

•0,13 

•0,04 

22 

•0,49 

•0,3« 

•0.29 

•0.14 

•0,04 

23 

•0,47 

-0.36 

•  0.2ft 

-0,13 

-0,04 

24 

•0.45 

-0.33 

-0,27 

•0.13 

•  0,04 

3 

-30,fl9 

-17,48 

•10,43 

-4,67 

— ?.  48 

4 

•11,74 

•7,70 

-5.09 

•2.43 

"•1 . 32 

5 

-6,69 

•4,59 

•3,20 

•1,57 

•  0,83 

6 

•4,60 

•3.19 

•2,21 

-1.1? 

•0,6| 

7 

•3,44 

-2,38 

•1.68 

•0.86 

•  0,45 

8 

•2.5fl 

•1,84 

•1.33 

•0,68 

•0,34 

9 

•2,08 

•1,49 

•1.09 

-0,55 

•0,27 

10 

-1.72 

-1,25 

•0,90 

•0,45 

-o,?i 

11 

•1,44 

-1.05 

•0,76 

-0,39 

-0,17 

12 

•1,24 

•0.90 

•0,66 

-0,33 

•o.u 

13 

•1.07 

•0,79 

-0,57 

-0,28 

-0,12 

14 

-0.95 

•0,70 

-0,51 

-0,25 

-0,10 

15 

-0,84 

•  0,64 

-0,46 

-0,22 

-0,09 

16 

•0,78 

•0,58 

-0.42 

•0,20 

-0,f»T 

)  7 

•0,71 

•0.53 

-0.38 

-0.19 

-0,07 

18 

•  0,64 

-0,48 

-0,36 

•0,17 

-0,06 

19 

-0,60 

-0.45 

-0,33 

•0,16 

•0,05 

20 

•0,54 

-0,42 

•0,31 

•0,15 

•  0,05 

21 

-0,32 

-0,39 

•0,29 

•0.14 

—0,04 

72 

-0,48 

-0,37 

•0,28 

-0.14 

—0,04 

23 

•0,47 

-0,36 

-0,27 

-0,13 

—0,04 

24 

-0,45 

-0.15 

•0,?6 

•0,13 

-0,04 

25 

•0.43 

-0.34 

•0,?6 

-0.13 

•0,03 

0.50 

0.60 

0.78 

O.BO 

0.9C 

o.»e 

-1,5/ 

•0.87 

•0,04 

0,70 

1,01 

1  ,?6 

-0, 80 

-0,39 

0,13 

0,65 

0.87 

1  ,()R 

-0,47 

-0,19 

0,18 

0,f8 

0,76 

0,9? 

•0.3? 

•0.10 

0,20 

0,5? 

0,68 

0.82 

•0,?? 

'0,04 

0,20 

0.48 

0,62 

0,75 

•0,16 

-0,01 

0,20 

0,44 

0.56 

0,68 

•0,  1 1 

o.ni 

o,?o 

0.42 

0.5? 

0,64 

-0,08 

0,03 

0,19 

0,39 

0,49 

0,60 

•0,06 

0.04 

0,19 

0,37 

0,47 

0,57 

-0,04 

0,05 

0,18 

0.36 

0,45 

0,55 

•0,03 

0,05 

0.18 

0.35 

0.43 

0,54 

-0,0? 

0,06 

0. 18 

0.  S3 

U.4? 

0,5  3 

•0,01 

0,06 

0,17 

0.33 

0.41 

0,5? 

-0,00 

0,06 

0,17 

0,3? 

0.41 

0,51 

0,00 

0.06 

0,17 

0,31 

0,40 

0.51 

0,00 

0,07 

0,17 

0.31 

0.40 

0,51 

0,01 

0,0/ 

0.17 

0.31 

0,40 

0,51 

0,01 

0,07 

0.  16 

0.31 

0,40 

0,51 

0,02 

0,07 

0,17 

0,31 

0,40 

0,50 

0,02 

0,07 

0.17 

0.31 

0.39 

0,51 

0,02 

0,07 

0,17 

0,31 

0.40 

0,5  5 

0,0? 

0,07 

0,17 

0.31 

0.40 

0,51 

•1 ,60 

•  0,92 

•0,08 

0,72 

1  .05 

1 ,33 

•0,81 

-0.41 

0,1? 

0,67 

0.90 

1  .  1 1 

•0,51 

•0.21 

0.18 

0.59 

0,78 

0,96 

•0,35 

•0,12 

o,?o 

0.54 

0.69 

0,84 

•0,23 

•0,05 

0.20 

0.48 

0,63 

76 

•0,17 

•0,01 

0.20 

0,45 

0,57 

0,70 

•0,12 

0,01 

0.20 

0,42 

0,53 

0.65 

•  0,08 

0,03 

o,?o 

0,40 

0.50 

0,61 

-0,  06 

0,04 

0.19 

0,38 

0.48 

0,58 

-0,04 

0,05 

0.19 

0,36 

0.45 

0,56 

-0,03 

0.05 

0,18 

0,35 

0,44 

0,54 

•0,0? 

0.06 

0.  IR 

0.34 

0.42 

0.52 

•0,01 

0,06 

0,17 

0,33 

0,4? 

0,51 

•0,00 

0,06 

0.17 

0,3? 

0,41 

0,5] 

0,00 

0,07 

0,17 

0,32 

0.41 

0,51 

0,O| 

0.07 

0.17 

0,32 

0.40 

0.51 

0,07 

0,17 

0.31 

0.40 

0,50 

o,oi 

0,07 

0,17 

0.3] 

0,40 

0,50 

0,01 

0.07 

0.17 

0.31 

0.40 

0,51 

0,01 

0,07 

0,17 

0,31 

0,40 

0.50 

0,0? 

0.07 

0,17 

0,31 

0.39 

0,50 

0,0? 

0,07 

0,17 

0.31 

0.39 

0 . 50 

0.0? 

0,07 

0.17 

0.31 

0,40 

0,50 
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TABLE  B-3 


Percentiles  of  the  Distribution  of  V 


n 

m 

0.02 

0.05 

0.10 

0.25 

0.40 

3 

) 

0.75 

1  •  In 

1.43 

2,18 

2.88 

4 

a 

0.78 

1.18 

1.49 

2.18 

2.82 

4 

0.87 

1.18 

1.46 

2 . 06 

2,60 

5 

3 

0.  rs 

1.18 

1.51 

2.17 

'^2.79 

4 

0.97 

1.23 

1.51 

2.09 

2.61 

5 

0.97 

1.23 

^U89 

2,02 

2.49 

t 

3 

0^.73 

1.18 

1.5» 

2.15 

2,73 

4 

t.OO 

1*28 

1.55 

2.10 

2.60 

5 

1.02 

1.29 

1.54 

2.05 

2.5o 

6 

1.02 

1.27 

1.53 

2.01 

2,42 

7 

3 

0,44 

1,18 

1.53 

2.13 

2,66 

4 

1.04 

1.31 

1.56 

2.  10 

2.57 

5 

t  .  08 

1.33 

1.57 

2.06 

2.49 

6 

1 . 08 

1.32 

1.56 

2,03 

2.42 

7 

1 . 08 

1.32 

1,55 

2,00 

2,37 

8 

3 

0.49 

1.13 

1.52 

2.n 

2.6? 

4 

1.04 

1.33 

lc60 

2.10 

2.56 

5 

l.ll 

1.38 

1.60 

2,08 

2,49 

4 

1.13 

1.38 

1.59 

2.05 

2,43 

7 

1.12 

1.36 

1.58 

2.03 

2,38 

6 

1.12 

1.38 

1,58 

2.01 

2.34 

9 

3 

0.42 

1.12 

1,51 

2.09 

2,57 

4 

1.04 

1.36 

1.61 

2.10 

2,52 

6 

J  .  1  7 

1.41 

1.63 

2.06 

2,47 

6 

1.19 

1.41 

1  .62 

2.06 

2.43 

7 

1.19 

1.81 

1.62 

2.04 

2.99 

8 

1.19 

1.40 

1.61 

2.02 

2.36 

9 

1.19 

1.40 

1  ,60 

2,00 

2.33 

0.50 

0.60 

0.76 

0.00 

0.06 

0.08 

3,40 

4.06 

5.50 

8,99 

13.16 

20.93 

3.33 

3.96 

5,38 

9,03 

13,07 

20,23 

2,99 

3.45 

4.40 

6.47 

8.39 

11.66 

3,27 

3,87 

5.24 

8,78 

12.58 

20.38 

2,99 

3,44 

4,40 

6.49 

8.48 

11,73 

2.82 

3,20 

3.93 

5.48 

6.73 

8 . 66 

3.18 

3,  74 

4,98 

8.24 

11.74 

18,65 

2,98 

3,41 

4,30 

6.33 

8.18 

11.39 

2,82 

3.21 

3.94 

5.4? 

6,73 

8.89 

2,70 

3,04 

3,67 

4.86 

5.83 

7,31 

3.08 

3,60 

4,79 

7,80 

11.12 

17,54 

2.91 

3. ’3 

9,21 

6.16 

7,89 

10,90 

2 , 80 

3.15 

3,87 

5,36 

6 . 68 

8.44 

2,70 

3,01 

3,63 

4.86 

5.K2 

7.23 

2,62 

2,90 

3,44 

4.46 

5,25 

6,37 

3,01 

3,48 

4.62 

T»51 

10,67 

16.36 

2,8b 

5,27 

4,10 

5.96 

r.79 

10,75 

2,78 

3,12 

3.82 

5.28 

6,50 

8.62 

2.71 

3,02 

3,62 

4.83 

5.83 

7.18 

2.64 

2.57 

2.93 

2,83 

3.46 

3,3? 

4,49 

4.21 

5.31 

4,90 

6.40 

5,84 

2,95 

2,84 

3.40 

3.21 

9,43 

4,00 

7.14 

5,77 

10.21 

2,39 

15.61 

10,26 

2.76 

3,08 

3.76 

5.13 

6,34 

8,13 

2,  70 
2,64 
2.59 

2,99 

2.91 

2.84 

3.59 

3.45 

3,34 

4,  74 
4,48 
4,26 

5,67 

5,28 

4.95 

7,06 

6.46 

5.94 

2,55 

2,78 

3.22 

4,04 

9,66 

5,50 
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TABLE  B-3  -  (Contlnuad) 
F«roan tilts  of  tht  Diatrlbution  of  V 


■ 

0.02 

0.05 

0.10 

0.25 

0.40 

0.60 

0.60 

0.76 

0.90 

0.06 

0.96 

10 

3 

0,09 

0,99 

1.46 

2.05 

2,51 

2,84 

3.27 

4.?5 

6,75 

9,36 

14.88 

4 

0,99 

1.34 

1.62 

2.08 

2.48 

2.77 

3.13 

3.90 

5.54 

7.17 

9,60 

5 

1.17 

1.62 

1.64 

2.07 

2.45 

2,71 

3.02 

3,67 

5,P'' 

6.13 

8,0? 

6 

1,20 

1.63 

1.64 

2,05 

2.41 

2.66 

2,94 

3,53 

4,67 

5.59 

6.99 

7 

1.2i 

1.63 

1.64 

2.04 

2.38 

2,6? 

2,88 

3.41 

4.41 

5.18 

6,29 

8 

1.21 

1.63 

1.63 

2.02 

2.35 

?,58 

2,83 

3.31 

4.2? 

4.91 

5.83 

9 

1.21 

1.62 

1.63 

2.01 

2.3? 

2.54 

2.77 

3.22 

4,03 

4,63 

5.51 

10 

1.21 

1.62 

1  .62 

1.99 

2i30 

2.50 

2.72 

3.13 

3.86 

4.41 

5.16 

11 

3 

•0.09 

0,90 

1,42 

2.01 

2,45 

2.77 

3,17 

4.07 

6,41 

9.1  1 

14,47 

4 

0.97 

1.35 

1.61 

2,06 

2.44 

2.73 

3,06 

3.79 

5.46 

7,04 

9,98 

S 

1.18 

1,63 

1.64 

2.05 

2.41 

2.68 

2.98 

3.60 

4,90 

6.07 

7.83 

6 

1.24 

1.65 

1.64 

2.04 

2,38 

2.63 

2.91 

3.46 

4.58 

5.52 

6.96 

7 

1.25 

1.65 

1  .64 

2.03 

2,30 

2.59 

?.  86 

3,36 

4.36 

5,16 

6.34 

8 

1.25 

1  .65 

1.64 

2.01 

2.33 

2,56 

?,80 

3,?8 

4.15 

4.87 

5.82 

9 

1.25 

1.64 

1.64 

2.00 

2.31 

2.53 

2.76 

3.21 

4.01 

4.63 

5.54 

10 

1.25 

1.44 

1.64 

1.99 

2,29 

2.49 

2.71 

3.14 

3.87 

4,44 

6.23 

1 1 

1.25 

1.65 

1.63 

1.96 

2.78 

2.46 

2.67 

3.06 

3,76 

4,?6 

4.94 

1? 

3 

•0,38 

0,75 

1.3? 

1.98 

2,41 

2.71 

3.08 

3,89 

6,00 

8,40 

12,96 

A 

0.95 

1.36 

1,60 

2.05 

2,4? 

2,69 

3,00 

3,67 

5.17 

6,60 

9,07 

5 

1.20 

1.66 

1.66 

2.05 

2,40 

2,65 

2,93 

3.52 

4,72 

5,79 

7.35 

6 

1.26 

1.66 

1.67 

2.04 

2.38 

2.62 

2.88 

3.39 

4.41 

5.31 

6.61 

7 

1  .28 

1.67 

1.67 

2.03 

2.36 

2.58 

2.82 

3.30 

4,21 

4,98 

S,09 

A 

1.28 

1,67 

1.66 

2.02 

2.34 

2.54 

2.78 

3,?2 

4,06 

4.75 

5!71 

9 

1.27 

1.66 

1.66 

2.01 

2.31 

2,52 

2.74 

3,16 

3,94 

4,5.3 

5,40 

10 

1.27 

1.6T 

1,65 

2,00 

2,50 

2.49 

2,70 

3.11 

3,8? 

4.37 

5.11 

11 

1.27 

1.66 

1.64 

2,00 

2,28 

2,47 

2,67 

3,05 

3,72 

4.23 

4.88 

12 

1.28 

1.67 

1.64 

1  .99 

2.27 

2.44 

2.63 

3,00 

3.6? 

4,07 

4,68 

13 

3 

•  0,45 

0,72 

1.36 

1.99 

2,40 

2,69 

3,04 

3,85 

5,8e 

8.16 

12.45 

4 

0,88 

1.31 

1.60 

2,06 

2.42 

2,68 

?,98 

3,64 

5,10 

6.45 

8.82 

5 

1.20 

1.65 

1.67 

2.07 

2,40 

2.64 

2.92 

3,49 

4.71 

5.75 

7.32 

6 

1,27 

1,68 

1,68 

2.07 

2.38 

2,61 

2,86 

3,38 

4,43 

5,30 

6,49 

7 

1,30 

1,69 

1  .68 

2.06 

2,36 

2,58 

2. 82 

3,30 

4,23 

4,96 

6,02 

8 

1,30 

1.69 

1.68 

2.04 

2.34 

2,55 

2,78 

3.22 

4,06 

4.73 

5,63 

9 

1,30 

1.69 

1.68 

2.03 

2.33 

2,52 

2.75 

3.16 

3.94 

4.55 

5,32 

10 

1,30 

1,69 

1,68 

2,03 

2.31 

2,50 

2.72 

3,12 

3.83 

4,37 

5.  1 1 

11 

1,30 

1.69 

1.68 

2.02 

2,30 

2.48 

2.69 

3.06 

3,74 

4,23 

4,90 

12 

1.30 

1.69 

1.67 

2.01 

2.28 

2.46 

2.65 

3,02 

3.65 

4.09 

4.73 

13 

1.30 

1,49 

1  .67 

2.01 

2.27 

2.44 

2.62 

2.97 

3.57 

3.97 

4.51 
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r 

I 

I 


.TABLE  B-3  -  (Contlnutd) 
Ferc*6til«a  of  tho  Diotrlbutien  of  V 


B 

0.02 

0.05 

0.19^ 

/' 

0.25 

0,40 

0.50 

0.50 

0.76 

0.90 

0.95 

0.98 

3 

•  0,81 

0,57 

/I.  25 

1.93 

7.34 

2.62 

7.95 

3,70 

5.56 

7.69 

11,56 

4 

0,83 

1.29  / 

1.59 

2.03 

2.37 

7.67 

2,97 

3.54 

4.93 

6,17 

8,?k 

5 

1.18 

1  .4^,' 

1.67 

2.05 

7,36 

2.60 

2,86 

3.42 

4,58 

5,54 

6,95 

ft 

1,28 

1.5l 

1  .69 

2.05 

2,35 

2.57 

2.82 

3,34 

4.33 

5.12 

6,2/ 

7 

1.3? 

1.57 

1  .69 

2.04 

2.34 

2.55 

2,78 

3,27 

4,15 

4,82 

5.75 

8 

1.33 

1.52 

1.69 

2.03 

2.33 

7.52 

7.74 

3.19 

4.03 

4.61 

5.47 

9 

1,33 

1.52 

1.69 

2.03 

2.31 

2.50 

2.  fl 

3.14 

3.90 

4.45 

5,18 

10 

1.33 

1.51 

1,68 

2.02 

2.30 

2,48 

2.70 

3,09 

3.  78 

4,30 

4,94 

11 

1.33 

1,51 

1.68 

2.01 

2.28 

2,47 

2.67 

3,05 

3.71 

4,20 

4.79 

12 

1.33 

1.51 

1,68 

2.01 

2.27 

7.45 

2,65 

3,01 

3.64 

4,09 

4,6/ 

13 

1.33 

1.51 

1  .68 

2.00 

2.26 

7,43 

7,6? 

2,97 

3.55 

3.98 

4.51 

14 

1.33 

1.51 

1  .68 

2.00 

7.25 

2.42 

2,60 

7.93 

3.46 

3.85 

4,36 

3 

•1.05 

0,43 

1.19 

1.91 

2.33 

2.60 

2.91 

3,64 

5,39 

7.23 

10.78 

4 

0,77 

1.28 

1.59 

2.03 

2.37 

2.61 

2.89 

3.49 

4,78 

5.95 

7.94 

5 

1.15 

1.44 

1.67 

2.06 

2.37 

7.59 

2,85 

3.38 

4.43 

5.36 

6.85 

6 

1.29 

1,50 

1.69 

2.06 

2.36 

7.57 

2.81 

3,30 

4.2? 

4,97 

6,19 

7 

1.33 

1.52 

1,70 

2.06 

2.35 

7,55 

2,78 

5,23 

4.08 

4.72 

5,  // 

8 

1.34 

1.52 

1,70 

2,05 

2.33 

7.53 

2.74 

3,17 

3,95 

4,57 

5,40 

9 

1.35 

1.57 

1  .69 

2.04 

2.32 

7.51 

2,72 

3,13 

3.85 

4.40 

5,16 

10 

1.35 

1.52 

1.69 

2.04 

2.31 

7.49 

2,69 

3,09 

3,  76 

4.26 

4,95 

11 

1.35 

1.5? 

1.69 

2.03 

2,30 

7,48 

7,67 

3,04 

3,69 

4,15 

4, 76 

12 

1.34 

1,52 

1.69 

2.02 

2,28 

7.46 

7.64 

3,00 

3,67 

4,08 

4,62 

13 

1.35 

1.57 

1.68 

2,01 

2.27 

7,44 

7.63 

2,96 

3,55 

3,98 

4,51 

14 

1.35 

1,51 

1,69 

2.01 

2.27 

7,43 

7,60 

2.93 

3.49 

3,89 

4,39 

15 

1.35 

1.52 

.1.68 

2.01 

2.25 

7.41 

2,58 

2.89 

3.41 

3.77 

4.23 

3 

•1.38 

0.75 

1.10 

1  .90 

2.31 

7,57 

7,88 

3.57 

5,72 

7,07 

10.49 

4 

0,74 

1.23 

1,58 

2.03 

2.37 

2.59 

2.87 

3,45 

4,77 

5,90 

7.94 

5 

1.17 

1.45 

1 ,68 

2.06 

7. 37 

7,59 

7.84 

3,36 

4.4? 

5,33 

6.73 

6 

1,30 

1.52 

1.71 

2.07 

2.36 

7,57 

7,81 

3.78 

4.20 

4.98 

6.18 

7 

1.35 

1.53 

1.72 

2.06 

2.35 

2,56 

2.77 

3.21 

4,05 

4,74 

5.81 

8 

1.37 

1.54 

1,72 

2.06 

2.34 

7.53 

7.75 

3,16 

3,94 

4,56 

5,  3K 

9 

1.37 

1.54 

1.72 

2.95 

2,33 

7,51 

2,77 

3.n 

3,84 

4.38 

5.17 

10 

1.37 

1.54 

1.71 

2.04 

7.31 

7,50 

7.70 

3.08 

‘.74 

4,24 

4,9/ 

11 

1.37 

1.54 

1,71 

2.04 

7,30 

2,48 

2.68 

3,04 

3.67 

4.13 

4,  /9 

12 

1.37 

1,54 

1.71 

2,03 

2.79 

7.46 

7,65 

3,00 

3,60 

4.05 

4,65 

13 

1.37 

1.54 

1.71 

2.03 

2.78 

7.45 

7,63 

7.97 

3,5? 

3,94 

4,49 

14 

1.37 

1.54 

1.71 

7.02 

7.77 

7,43 

7,61 

2.9„ 

3.48 

3,87 

4.  38 

15 

1.37 

1.54 

1.71 

2.02 

2.26 

2.42 

2,59 

7,90 

3.41 

3,79 

4,26 

16 

1,38 

1.54 

1.71 

7,0? 

7.?a 

7,40 

7,56 

2.87 

3.36 

3.71 

4.  16 
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at, 


TABLE  1^3  -  (Conilnutd) 
PtrcvntilM  of  th«  Diatribntlon  of  V 


m 

0.03 

O.OB 

0.10 

o.ao 

0.40 

0.60 

0.60 

0.76 

0.90 

0.98 

0.98 

3 

•  3,13 

-0,61 

0,61 

1.71 

2.16 

2.39 

2,63 

3.13 

6,31 

3,69 

7,H6 

A 

0,26 

0.98 

1.63 

1.96 

2.23 

2.63 

2.67 

3.13 

6.10 

6.96 

6.31 

5 

1,03 

1.6? 

1.66 

2.02 

2.29 

2.67 

2.68 

3.10 

3.93 

6.63 

3,  /(' 

A 

1.27 

1.5A 

1.73 

2.0A 

2.30 

2.67 

2.67 

3,07 

3.86 

6.63 

3.32 

7 

1,38 

1,39 

1,76 

2.03 

2.3(1 

2.67 

2.66 

3,03 

3,76 

6,32 

3.09 

a 

1.63 

1,61 

1.76 

2.03 

2.30 

2.66 

2,65 

3,01 

3.68 

6,  1  7 

6,H7 

9 

1,A6 

1  .62 

1.77 

2,03 

2.29 

2.63 

7,66 

2.98 

3.61 

6,07 

6,69 

10 

lt67 

1,62 

1.77 

2,03 

2.29 

2.66 

2.62 

2.93 

3,37 

3,99 

6.33 

11 

1,A8 

1.62 

1.77 

2,03 

2,28 

2.63 

2.61 

2.93 

3.31 

3.92 

6.66 

12 

1.A8 

1.62 

1.77 

2.06 

2.27 

2.62 

2.60 

2.92 

3.67 

3.86 

6.37 

13 

1.A8 

1.62 

1.77 

2.0A 

2.27 

2.61 

2.38 

2.89 

3,63 

3.80 

6.2/ 

lA 

l.AA 

1.62 

1.77 

2.0A 

2.26 

2.61 

2.37 

2.87 

3.38 

3,73 

6,22 

13 

1.A7 

1.62 

1.76 

2.0A 

2.26 

2,60 

2.36 

2,83 

3.36 

3,69 

6,13 

16 

1.67 

1.62 

1  ,76 

2.03 

2.23 

2,60 

2,33 

2.86 

3,31 

3,63 

6,07 

IT 

1.66 

1.62 

1.77 

2,03 

2.23 

2.39 

2.36 

2.82 

3.28 

3.61 

6,01 

18 

1.67 

1.62 

1  .76 

2.03 

2.26 

2.38 

2.33 

2,80 

3.23 

3.37 

3.93 

19 

1.67 

1.62 

1.76 

2.03 

2.2a 

2.38 

2.32 

2,78 

3,22 

3.33 

3.90 

20 

1.67 

1.62 

1.76 

2.03 

2.23 

2.37 

2.51 

2.77 

3,2(1 

3.67 

3,83 

21 

1.68 

1.62 

1.77 

2.03 

2.23 

2.36 

2,30 

2,76 

3,17 

3,66 

3,  78 

22 

1.68 

1.63 

1.77 

2.03 

2.23 

2,36 

2.69 

2.76 

3.13 

3,39 

3.  71 

3 

•  3.06 

•  0,73 

0.69 

1.67 

2.13 

2.37 

2.60 

3,07 

6,19 

3.60 

7,87. 

6 

0,16 

0,96 

1.61 

1.96 

2.23 

2.66 

2,63 

3,08 

6,01 

6,90 

6,32 

3 

0,93 

1.37 

1.66 

2.01 

2,29 

2.66 

2,66 

3.06 

.3,89 

6.60 

3,82 

6 

1.26 

1.51 

1,72 

2,03 

2,30 

2.67 

2,63 

3,06 

3,77 

6,60 

5,31 

7 

1,37 

1.38 

1.75 

2.06 

2,30 

2.67 

2,66 

3.01 

3.68 

6.26 

5,07 

8 

1.66 

1.60 

1.76 

2.06 

2.29 

2,66 

2.63 

2.98 

3,62 

6.1? 

6.86 

9 

1,66 

1.62 

1.77 

2.06 

2.29 

2.63 

2.62 

2.93 

3.37 

6.06 

6,69 

10 

1,67 

1  .62 

1.77 

2.06 

2,28 

2.66 

2,61 

2,93 

3,51 

3.95 

6.53 

11 

1  ,68 

1,63 

1.77 

2,05 

2.28 

2,63 

2,60 

2.91 

3,66 

3.88 

6.62 

12 

1.68 

1,62 

1.77 

2.03 

2.27 

7.62 

7,39 

2,89 

3.62 

3,80 

6,33 

13 

1.68 

1.62 

1.77 

2.03 

2.27 

2.61 

2.57 

2,87 

3.39 

3.76 

6.2? 

16 

1.68 

1.62 

1.76 

2.06 

2.26 

7.61 

2.36 

2,86 

3.36 

3.71 

6.16 

13 

1  .68 

1  .62 

1.76 

2.06 

2,26 

2,60 

2.35 

2,86 

3,33 

3,67 

6,08 

16 

1.68 

1.62 

1.76 

2.06 

2.25 

2.39 

2,36 

2,82 

3,30 

3.62 

6,0* 

17 

1.68 

1.62 

1,76 

2,03 

2.25 

2.39 

2.33 

2,81 

3,27 

3,39 

3,99 

18 

1.68 

1.6? 

l,T6 

2,03 

2.23 

2,38 

2,32 

2.79 

3.23 

3.33 

3,96 

19 

1.67 

1.62 

1.76 

2.03 

2.26 

2,37 

2.32 

2.78 

3.22 

3.52 

3.89 

20 

1.68 

1.62 

1.76 

2.03 

2.26 

2.37 

2,51 

2.77 

3.18 

3.68 

3,8* 

21 

1.68 

l‘.6? 

1.76 

2.03 

2.23 

2,36 

2.30 

2.73 

3.16 

3.66 

3.  79 

22 

1,68 

1,62 

1.77 

2.03 

2.23 

2,36 

2.69 

2.76 

3.13 

3.61 

3,  73 

23 

1.69 

1 .63 

1.77 

2.03 

2.2? 

2.35 

2.68 

2.72 

3.11 

3.37 

3,68 
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■  0.02 


’  >  1.26 


*  3  1.18 

♦  1.16 


S  3  1.46 

♦  1,45 

9  1.44 


6  3  1.48 

♦  1.52 

5  1.51 

6  1,50 


’  3  1.52 

*  1.59 

9  1.59 

6  1.57 

7  1,58 


9  3  1.53 

*  1.63 

9  1 .63 

6  1 .67 

7  1.62 

9  1.62 


9  3  1.55 

♦  1,67 

9  1.69 

6  1.68 

7  1,67 

"  1.68 

9  1 .69 


TilBLE 

ParcMtilM  of  tho  DlatributloB  of  V 

• 


0.06 

0.10 

0.26 

.  0.40 

O.BO 

0.80 

0.76 

0.80 

0.85 

0.98 

1.64 

2.04 

2.94 

3.83 

4.49 

5,33 

7,20 

11.75 

17.21 

27,32 

1.73 

1,69 

2.11 

2.04 

2.98 

2.78 

3,82 

1.44 

4.47 

3.95 

5.30 

4,51 

7.19 

5.71 

12.17 

8.40 

17.55 

10.88 

27.99 

15,06 

1.79 

1.76 

1.74 

2.16 

2.10 

2.06 

3.00 

2.82 

2.72 

3,81 

3,49 

3.29 

4.46 

3.98 

1.70 

5.27 

4.56 

4,17 

7.16 

5,80 

5.11 

12,07 

8.56 

7.06 

17.36 

11.14 

8.68 

28,30 

15.51 

n.i4 

1.83 

1.8.1 

1.81 

1.80 

2.20 

2.15 

2.12 

2.10 

2.99 

2.84 

2.76 

2.70 

3,77 

3.49 

3.33 

3.20 

4.17 

3.98 

3.73 

1.56 

5.15 

4.55 

4.21 

1.97 

6,93 

5.75 

5,17 

4,77 

1 1  .53 
8,47 
7,08 
6.27 

16.66 

10.95 

8.82 

7.53 

26,85 

15.32 

11.58 

9,39 

1.87 

1.88 
1.86 

1.84 

1.85 

2.22 

2,19 

2.16 

2.14 

2.14 

2.97 

2.86 

2.78 

2.72 

2,68 

3.71 

3.47 

3.32 

9.21 

3.14 

4,30 

3.94 

3.72 

1.57 

1.45 

5.04 

4.49 

4.18 

1.94 

3,79 

6.80 

5,69 

5.13 

4,76 

4,47 

11.20 

8.39 

7.12 

6.33 

5.76 

16,07 

10,80 

8,84 

7,61 

6.73 

25.31 

14,80 

11.18 

9,40 

8,19 

1.90 

1.91 
1.90 

1.89 

1.89 
1.89 

2.24 

2.22 

2,20 

2.18 

2.17 

2.17 

2,96 

2,87 

2,79 

2,75 

2,71 

2.69 

3.67 

3.46 

3.32 

3.24 

3,16 

3,10 

4.22 

1.91 

3.71 

3.58 

1.48 

3.38 

4.95 

4,44 

4,18 

1,99 

3.83 

5,71 

6.61 

1.60 

5,09 

4,77 

4.52 

4,11 

11.02 

8,19 

7,07 

6.35 

5.83 

5.44 

15,76 

10.74 

8,78 

7,67 

6.91 

6,29 

24.57 
15,22 

11.57 
9,43 
8.38 
7.50 

1.93 
1.96 

1.95 

1.95 

1.94 

1.94 

1.95 

2.26 

2.25 

2,23 

2.72 

2.21 

2.20 

2.19 

2.95 

2.88 

2.80 

2.76 

2.73 

2,70 

2.68 

3.63 

3,44 

3.33 

3.24 

3,18 

3.12 

3.08 

4,18 

1.86 

3.70 

1.58 

3.50 

3.41 

3,35 

4,85 

4,40 

4,13 

9.98 

1.83 

3.79 

3.69 

6,45  1 

5,50 

5.07 

6,77 

4.53 

4.36 

4,19 

10,71 
8.02  ] 
6.90 
6,27 
5,86 
5,53 
5.22 

15.33 

10.40 

8,59 

7,51 

6.91 

6,39 

6.00 

23,80 

14,41 

11.05 

9.46 

8,40 

7,73 

7,09 
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TABLE  B-4  -  (Continutd) 
PtrcwillM  of  tho  Diaiributlon  of  V 

.05 


■ 

^02 

0.05 

ojo 

0.25 

0.40 

10 

3 

1.31 

1.91 

?,26 

2.91 

3.56 

4 

1.70 

1  ,98 

?.27 

2.86 

3.39 

5 

1.72 

1.97 

?.24 

2.80 

3.  31 

6 

1.71 

1.97 

2.23 

2.76 

3.22 

7 

1.71 

1,96 

2.22 

2.73 

3.18 

a 

1.70 

1.96 

?.21 

2.71 

3.13 

9 

1.71 

1.96 

2.21 

2.69 

3.08 

10 

1.7? 

1  .96 

2.21 

2.67 

3,04 

1 1 

3 

1  .4R 

1.93 

2.25 

?.88 

3.49 

4 

1.73 

2.01 

2.?7 

2.83 

3,37 

5 

1.75 

2.01 

2,26 

2.78 

3.27 

5 

1.75 

2,00 

2.24 

2.74 

3.  19 

7 

1.75 

1,99 

2.23 

2.72 

3.14 

A 

1.75 

1.99 

2.22 

2.70 

3.10 

9 

1.75 

1.98 

2.22 

2.68 

3,07 

10 

1 .7fi 

2.00 

2.22 

2.67 

3,04 

1  1 

1.77 

2,00 

2.22 

?  •  66 

3.01 

12 

3 

1.4? 

1.91 

2,26 

2.87 

3.47 

4 

1.74 

?.02 

2.28 

2.84 

3.34 

5 

1.79 

2,03 

2.28 

2.78 

3,?6 

6 

1.79 

2,02 

2,27 

2.75 

3,20 

7 

1.79 

?,02 

2.26 

2.73 

3.U 

S 

1.79 

2,01 

2,25 

?.71 

3.11 

9 

1.78 

?,00 

2.24 

2.69 

3,07 

10 

1.77 

2,01 

2,23 

2.67 

3.04 

1  1 

1  .78 

2.01 

2.24 

2.67 

3.02 

12 

1.80 

2.02 

2.24 

2.66 

>.00 

13 

3 

1  .44 

1.92 

2.?7 

2,88 

3.45 

4 

1.78 

?,05 

?.31 

2.84 

3.35 

5 

1.82 

2,06 

2.30 

2.81 

3,26 

6 

1.82 

2.05 

2,?9 

2,78 

3.21 

7 

1.82 

?,05 

2.28 

2.75 

3,15 

S 

1.81 

2.04 

2.27 

2.74 

3,12 

9 

1.81 

2.04 

2.27 

2.7? 

3.10 

10 

1  .81 

2,04 

2.27 

2,70 

3,07 

1! 

1.8? 

2.04 

2.?7 

2.70 

3.05 

12 

1.82 

2,04 

2.?7 

?.69 

3,0? 

13 

1.83 

2,05 

2.?7 

2,68 

3,00 

0.50 

0.80 

0.75 

0,90 

O.OB 

0.98 

4,06 

4,70 

6,?3 

10,24 

14,50 

?3,00 

3.81 

4,29 

5.4? 

7.81 

10.12 

13.69 

3,65 

4,07 

4,97 

6.8? 

8,39 

11.00 

3.55 

3.93 

4,70 

6.24 

7.50 

9,4? 

3,48 

3.80 

4,50 

5,79 

6.83 

8.29 

3.41 

3,7? 

4,33 

5,5? 

6,40 

7,61 

3. 35 

3.64 

4,20 

5.23 

6.01 

7,1? 

3,29 

3.56 

4.08 

4,98 

5.67 

6,65 

3.98 

4.59 

6,07 

9,89 

14,11 

2?,60 

3.  76 

4,?4 

5.31 

7.71 

10,03 

14,44 

3.62 

4,03 

4.89 

6.72 

8,34 

10.93 

5,5? 

3,90 

4.63 

6.16 

7,4? 

9,39 

3,45 

3,79 

4.45 

5,79 

6.83 

8.4? 

3.39 

3.70 

4.31 

5.46 

6.38 

7,65 

3,34 

3.63 

4,21 

5.23 

6.04 

7,23 

3.28 

3,56 

4,09 

5.03 

5,75 

6.73 

3,25 

3,50 

3i98 

4.85 

5,49 

6.35 

5.91 

4,50 

5.85 

9,41 

13,40 

21,39 

4.18 

5tl6 

7,4? 

9,56 

13,27 

5.61 

3,99 

4,8? 

6,54 

8,08 

10,40 

5.52 

3.86 

4,56 

5.97 

7.22 

9,00 

5.63 

3,76 

4.40 

5.63 

6,66 

8,08 

5.30 

3.68 

4,26 

5,36 

6,?7 

7,49 

3*53 

3,6? 

4,16 

5,16 

5.95 

7.06 

5.29 

3,56 

4,07 

4,99 

5.67 

6.63 

3.2s 

3,51 

3,98 

4,84 

5.47 

6,29 

3.22 

3,46 

3.91 

4.68 

5,26 

6,00 

5,90 

4,47 

5,84 

9,23 

13.11 

20.76 

5.73 

4,38 

5,18 

7.38 

9.47 

13,09 

5,60 

3.98 

4,80 

6.57 

8.04 

10.25 

3,30 

3,86 

4.58 

6,03 

7.24 

8,89 

3.64 

3,75 

4,41 

5.65 

6.68 

8.10 

3.39 

3,69 

4.28 

5.40 

6.29 

7,43 

5, 3S 

3.63 

4,16 

5.17 

6,00 

6.99 

5,31 

3,58 

4,09 

5,01 

5.70 

6,66 

3.27 

3.53 

4,02 

4,87 

5,50 

6.36 

5,24 

3,48 

3,95 

4.73 

5.30 

6,12 

3.21 

3,43 

3.87 

4.61 

5.12 

5,80 
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TABLE  B-4  —  (Coniinutd) 
PtrotDlilei  of  the  Oiatributlon  of  V  .. 


n 

0.02 

O.OB 

HAS. 

0.26 

0.40 

3 

1.39 

1.92 

2,26 

2.84 

3.39 

4 

1.77 

2,06 

2,31 

2.82 

3,30 

5 

1.84 

2.08 

2.31 

2.79 

3.22 

6 

1,85 

2.08 

2.30 

2,76 

3.17 

7 

1.85 

2.07 

2.29 

2.73 

3.12 

H 

1.85 

2.07 

2,28 

2.72 

3,09 

1.84 

2,07 

2,28 

2.71 

3.07 

10 

I  .85 

2.06 

2.27 

2. TO 

3,05 

11 

1.85 

2,07 

2.28 

2.69 

3,03 

12 

1 .85 

2,07 

2,28 

2.68 

3,01 

13 

1.85 

2,07 

2,29 

2,68 

2,99 

U 

1  .86 

2.08 

2,28 

2.66 

2.98 

3 

1.24 

1.88 

2.24 

2.84 

3,38 

1.77 

2.06 

2.31 

2.83 

3,30 

5 

1.84 

2,09 

2.32 

2,80 

3.23 

6 

1.87 

2,09 

2.31 

2.79 

3.18 

7 

1.87 

2,08 

2.30 

2.76 

3,14 

B 

1.86 

2.08 

2.29 

2.74 

3.11 

9 

1.86 

2.07 

2.29 

2.73 

3,09 

10 

1.85 

2,07 

2.28 

2.72 

3,06 

11 

1.85 

2,07 

2,28 

2.70 

3.04 

12 

1.86 

2,07 

2,28 

2,70 

3,02 

13 

1,87 

2,07 

2.28 

2.69 

3,01 

U 

1.87 

2,07 

2.28 

2.68 

3,00 

15 

1,89 

2.08 

2.28 

2,68 

2,98 

3 

1.13 

1.85 

2,25 

2.84 

3.38 

4 

1.77 

2.06 

2.33 

2.83 

3,30 

5 

1.-7 

2.11 

2.34 

2.81 

3,24 

6 

1,89 

2.11 

2.33 

2.79 

3.19 

7 

1.89 

2.10 

2,33 

2.77 

3.15 

8 

1,89 

2*10 

2.32 

2.75 

3.12 

9 

1.88 

2,09 

2.31 

2.74 

3,10 

10 

1.88 

2,09 

2.31 

2.72 

3.07 

11 

1,89 

2,09 

2.30 

2,71 

3,05 

12 

1.88 

2,09 

2.31 

2.71 

3,03 

13 

1.89 

2,10 

2,31 

2,70 

3.0? 

14 

1.90 

2,10 

2,31 

2.69 

3. 00 

15 

1.90 

2.11 

2.31 

2.69 

2.99 

16 

1.92 

2.12 

2,33 

2.69 

2.98 

0.60 

o.eo 

0,78 

0.90 

0.98 

iL-ia 

3,83 

4,36 

5.64 

H.84 

1  2.73 

19,14 

3,67 

4.09 

5,06 

7.18 

9,10 

12,45 

3.55 

3,93 

4,72 

6. 38 

7.82 

9,93 

3,46 

3.81 

4.52 

5.91 

7,07 

8.71 

3,40 

3,72 

4,38 

5,58 

0,53 

7.78 

3.36 

3.66 

4.25 

5.35 

0.16 

7,30 

3,32 

3.59 

4.15 

5.14 

5.88 

6,92 

3,29 

3,56 

4,07 

4.98 

5.65 

6,49 

3.26 

3.51 

4,00 

4.86 

5,48 

6.26 

3.23 

3,47 

3.93 

4,73 

5.31 

O.06 

3.21 

3,44 

5,87 

4,61 

5.14 

5,80 

3,18 

3.41 

5.81 

4.48 

4.9/ 

5,60 

3,80 

4,35 

5.56 

8.  IS 

12.22 

18.38 

3,65 

4,07 

4,99 

7,00 

8,90 

11.93 

3.55 

3.92 

4.69 

6.25 

7.64 

9.  79 

3.47 

3,80 

4.48 

5.79 

0.91 

8,55 

3.41 

3.73 

4,34 

5.50 

0.41 

7.90 

3,56 

3.66 

4,23 

5,29 

0. 10 

7,26 

3,33 

3.60 

4.14 

5.11 

5,81 

0.8  7 

3,30 

3.56 

4,08 

4.96 

5.01 

0,50 

3,27 

3.52 

3.99 

4.84 

5.43 

0,22 

3,25 

3.48 

3,94 

4.73 

5.31 

6,00 

3.22 

3,45 

3.88 

6,63 

5.17 

5,88 

3,20 

3,41 

3,83 

4,53 

5,02 

5,66 

3.18 

3,39 

3.77 

4,43 

4,88 

5,46 

3,78 

4.30 

5.47 

8.49 

1  1  .98 

18.76 

3,64 

4,06 

4.95 

T.OO 

8.88 

12,30 

3,54 

3.89 

4,67 

6.28 

7.67 

9.72 

3,48 

3.81 

4,47 

5,80 

6,92 

8.63 

3.42 

3,72 

4,33 

5.51 

6.47 

7.98 

3.38 

3.66 

4.22 

5.28 

6.12 

7.27 

3.34 

3.62 

4.13 

5.11 

5.84 

6,92 

3,32 

3,57 

4,07 

4.95 

5.60 

0,60 

3,28 

3.54 

4,00 

4,85 

5,44 

6.30 

3,25 

3,50 

3,94 

4,71 

5.30 

6,00 

3.23 

3.47 

3,89 

4.60 

5.14 

5,87 

3.21 

3,43 

3,84 

4.52 

5.02 

5,68 

3,18 

3.40 

3.79 

4,44 

4,91 

5,53 

3.16 

3.36 

3,74 

4,35 

4,80 

5.35 
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TABLE  B-4  -  (Continutd) 


ParoMtllta  of  th*  Diatrlbution  of  V 


Jtt 

a 

0.02 

17 

3 

1.07 

4 

1.76 

5 

1.86 

6 

1,90 

7 

1 ,90 

8 

1  ,90 

9 

1.89 

10 

1  .99 

11 

1  ,89 

12 

1  .89 

13 

1 .89 

14 

1  ,90 

15 

1.90 

16 

1  .90 

17 

1.92 

18  3 

1.1! 

4 

1.81 

5 

1  .90 

6 

1.93 

7 

1.94 

a 

1,94 

9 

1.94 

in 

1.93 

1 1 

1.93 

12 

:.93 

13 

1.93 

14 

1.93 

15 

1,94 

16 

1  ,94 

17 

1.95 

18 

1,97 

19  3 

0,96 

4 

1,76 

5 

1,90 

6 

1  .94 

7 

1.95 

8 

1,95 

9 

1.95 

10 

1.95 

11 

1.95 

12 

1  .95 

13 

1  .95 

14 

1.95 

15 

1  .95 

16 

1 ,95 

17 

1,95 

18 

1.96 

19 

1,98 

0,06 

0.10 

1 .84 

2.22 

2.08 

2.32 

2.11 

2.33 

2.11 

2.33 

2.11 

2.32 

2.11 

2,32 

2,10 

2.31 

2.10 

2.31 

2,10 

2.31 

2.11 

2.31 

2.11 

2.31 

2.12 

2,31 

2.11 

2.31 

2.12 

2.31 

2.12 

2.32 

1.83 

2.23 

2.09 

2.34 

2.14 

2.36 

2,14 

2,36 

2.14 

2.35 

2.14 

2.35 

2.14 

2.34 

2.13 

2.34 

2,13 

2.34 

2,14 

2,34 

2.14 

2.33 

2.13 

2.33 

2.U 

2.34 

2.14 

2.34 

2.15 

2.34 

2.17 

2.35 

1.73 

2.19 

2,08 

2.34 

2.14 

2,36 

2.15 

2.36 

2.16 

2.35 

2.15 

2.35 

2,15 

2,35 

2,14 

2.34 

2.14 

2,34 

2.14 

2.34 

2.1<. 

2.34 

2.14 

2.33 

2.14 

2.33 

2.15 

2.33 

2.15 

2,34 

2.16 

2.35 

2.17 

2.35 

0.25  0.40 


?.«0  3.?9 

2.«0  3, >4 

?.79  3, 19 

?.-»7  3.14 

1. Tf.  3,n 

^.74  3.09 

2. T3  3.07 

2.71  3.05 

2.71  3.03 

2.70  3.01 

2.69  3.00 

2.69  2.99 

2.60  2.9n 

2.67  2.97 

2.67  2.96 


2.80  3.29 

2.82  3.25 

2.80  3.20 

2. 78  3,16 

2.77  3.13 

2.75  3.10 

2.74  3,08 

2.73  3.06 

2.73  3.04 

2.72  3.03 

2.71  3,01 

2.70  3,01 

2.70  3,00 

2.70  2,99 

2.69  2.97 

2.69  2.97 


2.79  3,27 

2.81  3.24 

2.80  3,19 

2.78  3.15 

2.76  3.13 

2,75  3,10 

2.74  3,07 

2.73  3,05 

2.72  3.03 

2.72  3,02 

2.71  3.01 

2.70  3,00 

2.70  2,99 

2.70  2,98 

2.70  2.98 

2.70  2,97 

2.69  2,96 


0.80 

0.80 

3,67 

4.15 

3.57 

3,95 

3.48 

3.8  3 

3.4? 

3.75 

3,38 

3,67 

3,34 

3,61 

3,30 

3,56 

3,28 

3,52 

3,25 

3,48 

3.23 

3,45 

3,20 

3,42 

3.19 

3,40 

3,17 

3,38 

3.15 

3.  35 

3,14 

3.33 

3,66 

4.12 

3,56 

3,95 

3,49 

3.83 

3.43 

3.75 

3,38 

3.68 

3.35 

3.63 

3.32 

3,58 

3,29 

3,54 

3,26 

3,51 

3.24 

3.48 

3.22 

3.45 

3,21 

3,42 

3,19 

3,40 

3,18 

3,38 

3.16 

3.35 

3.15 

3,33 

3,62 

4,08 

3,54 

3.92 

3.47 

3.79 

3,42 

3,  72 

3.37 

3,65 

3,34 

3,60 

9.31 

3.56 

3.27 

3.52 

3,2'> 

3,50 

3.24 

3.47 

3,22 

3,44 

3,20 

3,41 

3,18 

3.39 

3,17 

3.37 

3,16 

3.35 

3.14 

3.33 

3.13 

3,31 

■!5 


0.75' 

0.90 

5.26 

8.19 

4.81 

6.65 

4,57 

5,98 

4,40 

5,61 

4,26 

5,39 

4.15 

5,17 

4.07 

5,01 

4.00 

4.89 

3,94 

,77 

3,89 

‘  ,67 

3,84 

4,58 

3,80 

4.51 

3.77 

4.43 

3.72 

4,34 

3,68 

4.27 

5.23 

7,96 

4.79 

6,66 

4.56 

6,00 

4,40 

5,63 

4.25 

5.39 

4.15 

5.17 

4,09 

5,03 

4,03 

4,88 

3,98 

4,79 

3.9? 

4,68 

3,86 

4,60 

3,83 

4,52 

3.79 

4.44 

3.75 

4,37 

3.71 

4.31 

3,68 

4,24 

5,16 

7.80 

4.72 

6.52 

4,50 

5.95 

4,35 

5.56 

4.23 

5.31 

4,14 

5,14 

4,05 

4.98 

4.00 

4.84 

3.95 

4.73 

3.89 

4,65 

3.86 

4,55 

3.81 

4,49 

3.78 

4,43 

3.74 

4.38 

3.71 

4,31 

3,68 

4,26 

3,64 

4,20 

0.9S 

0,98 

11.24 

1  7,44 

8.45 

1  1  .48 

7.34 

9.21 

6,67 

8,19 

6.26 

7,56 

5,95 

7,05 

5.72 

6, 70 

5.53 

6,  3  7 

5,35 

6,16 

5.23 

5,92 

5.10 

5.79 

5.00 

5.61 

4,88 

5,44 

4,79 

5,30 

4,68 

5.  19 

11.18 

17.89 

8.46 

1  1  .66 

7.32 

9.43 

6.61 

8.27 

6.23 

7,45 

5.95 

6.97 

5.72 

6.7] 

5.51 

6, 3( 

5.35 

6,15 

5.23 

5,96 

5.12 

5.75 

5.01 

5.60 

4.8.'- 

5.46 

4,83 

5,36 

4, 74 

5,22 

4,65 

5,11 

10.74 

16,87 

8.23 

11.18 

7.23 

9,20 

6.60 

8,0  7 

6,16 

7.45 

5,87 

6.94 

5.7('' 

6,58 

5,49 

6,35 

5.3.3 

6,17 

5.22 

5.97 

5.10 

5.80 

4.98 

5.61 

4,88 

5.51 

4.81 

5.35 

4. 74 

5.25 

4.85 

5.15 

4.5  7 

5.02 
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TABliE  fl-4  -  (Continued) 
Percentiles  of  the  Distribution  of  V 


ni 

0.02 

0.06 

0.10 

0.28 

0.40 

0.60 

0.60 

0.75 

0.90 

.0,96 

0.98 

3 

0,94 

1.75 

2,19 

2.78 

3.24 

3.60 

4,02 

5,00 

f.7? 

in.TB 

14.94 

4 

1  ,T9 

2,09 

2,34 

2,81 

3.21 

3.52 

3,88 

4.64 

6.49 

ft. 14 

11.03 

5 

1  .92 

2,15 

2,34 

2,80 

3.1fl 

3.46 

3.  79 

4.45 

5.R5 

7.09 

9,12 

6 

1  #94 

2.17 

2.37 

2.79 

3.15 

3.40 

71 

4.31 

5.4ft 

4,49 

ft,  1 1 

7 

1.95 

2.17 

2.34 

2.77 

3.12 

3.37 

3.64 

4,19 

5.25 

6.  1  1 

7,42 

A 

1.94 

2.17 

2.34 

2.76 

3,09 

3.32 

5.59 

4,09 

5,04 

5,88 

4,97 

9 

1.94 

2.14 

2.35 

2.75 

3.07 

3,29 

3.55 

4,0? 

4,92 

5.42 

6,57 

10 

1.99 

2,14 

2.35 

2,74 

3.05 

3.27 

3.51 

3,97 

4,79 

5.43 

4.30 

1  1 

1.99 

2,14 

2.35 

2.73 

3.04 

3.24 

3.49 

3.91 

4.70 

5.29 

4,09 

1.99 

2.14 

2.35 

2.72 

3,0? 

3.22 

3.45 

3.87 

4,41 

5.1ft 

5.92 

1  3 

1.94 

2.14 

2.35 

2.72 

3.01 

3,21 

3.42 

3,ft3 

4.53 

5,07 

5.79 

14 

1  •  94 

2,14 

2,34 

2.71 

3,00 

3,19 

3.40 

3.79 

4.46 

4,96 

5.63 

1  5 

1 . 9n 

2,14 

2,35 

2.70 

2.99 

3.17 

3,38 

3,74 

4.41 

4 . 84 

5.49 

1  6 

1.97 

2,  16 

2.35 

2,70 

2,9ft 

3.14 

3.34 

3.73 

4.35 

4.7ft 

5,37 

17 

1.94 

2.17 

2.35 

2.70 

2.97 

3.15 

3.34 

3,70 

4.29 

4,70 

5,23 

]  9 

1 .9ft 

2.18 

2.35 

2.69 

2.94 

3.14 

3.33 

3.47 

4,23 

4,44 

5.14 

1^ 

1.99 

2,18 

2.36 

2.69 

2.94 

3.13 

3.  31 

3,43 

4. 1  ft 

4.57 

5.06 

20 

2.00 

2.19 

2,34 

2,70 

2.95 

3.12 

3.29 

3.40 

4.1? 

4.49 

4.95 

3 

0,74 

1.67 

2.14 

2.75 

3.21 

3.54 

3.97 

4.97 

7.52 

10.37 

15,72 

4 

1.72 

2,0ft 

2.33 

2,79 

3.20 

3.49 

3,«5 

4,42 

6,33 

7,91 

10,5ft 

5 

1.92 

2.15 

2,37 

2,79 

3.17 

3,44 

3,74 

4,41 

5,H2 

7,02 

8.66 

6 

1.97 

2,14 

2,37 

2,77 

3.13 

3.39 

3,49 

4,27 

5.46 

4.44 

7,87 

7 

1.9ft 

2.17 

2,37 

2.76 

3.11 

3.35 

3,63 

4.17 

5.22 

6.05 

7,22 

8 

1  ,9fl 

2,17 

2.34 

2.75 

3.0ft 

3.32 

S,5fl 

4.09 

5. Oft 

5,40 

4,79 

9 

1,98 

2,14 

2.34 

2.75 

3,07 

3,29 

3.54 

4,02 

4.93 

5.58 

6,M 

10 

1  .98 

2,14 

2.36 

2,  74 

3,05 

3.2T 

♦3.51 

3,94 

4.ftl 

5.43 

4.24 

1 1 

1 ,9ft 

2,16 

2,36 

2.73 

3,04 

3.25 

3.4ft  . 

.  3.92 

4.71 

?  .28 

4,07 

12 

1 .08 

2,14 

2.35 

2,72 

3,02 

3.23 

3,44 

3,88 

■  4.43  - 

5,17 

5.89 

13 

1 .98 

2,14 

2,35 

2.72 

3,01 

3.21 

3.43 

3.84 

4.54 

5,05 

3,73- 

14 

1,98 

2.14 

2.35 

2.71 

3.00 

3.19 

3.41 

3.ftl 

4.49 

4,98 

5,44 

1  5 

1  .98 

2.16 

2.35 

2.70 

2,99 

3.17 

3,39 

3.  77 

4,42 

4,89 

5,49 

1  6 

1 .99 

2,17 

2.35 

2,70 

2,9B 

3,14 

3,34 

3,74 

4,37 

4,78 

5,34 

1  7 

2.00 

2.17 

2.35 

2,70 

2,98 

3.15 

3.35 

3.71 

4,30 

4,71 

5.24 

1  fl 

2,00 

2.18 

2,36 

2,69 

2.97 

3,14 

3,33 

3,6ft 

4.24 

4,44 

5.15 

19 

2,01 

2,18 

2,34 

2.69 

2.94 

3.13 

3.32 

3,45 

4.20 

4,59 

5, OR 

20 

2,01 

2.19 

2.34 

2.69 

2.95 

3.12 

3,30 

3.4? 

4.15 

4,52 

4,9H 

21 

2.03 

2,20 

2.37 

2.49 

2.95 

3.11 

3,2« 

3,59 

4,09 

4.44 

4,«7 
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table  B-4  —  (ContiDued) 
PercentileB  of  the  Biatribution  ol  V 


JQ 

m 

0.02 

22 

3 

0,58 

4 

1.71 

5 

1.92 

6 

1.98 

7 

1,99 

8 

1,99 

9 

1.99 

10 

1  ,99 

11 

1.99 

12 

1.99 

13 

2,00 

14 

2,00 

15 

2,00 

16 

2.00 

17 

2.00 

18 

2.00 

19 

2.02 

20 

2.02 

21 

2.02 

22 

2,04 

23  3 

0,50 

4 

1,69 

5 

1,92 

6 

1,99 

7 

2,00 

8 

2.00 

9 

2,00 

10 

2.00 

1  1 

2,00 

12 

2.00 

13 

2,00 

14 

2.00 

15 

2.01 

16 

2,01 

)  7 

2.02 

18 

2.02 

19 

2.01 

20 

2.02 

21 

2.03 

22 

2.04 

23 

2,05 

0.05 

0.10 

1.60 

2,15 

2.07 

2.33 

2.17 

2.3/ 

2.19 

2.38 

2.19 

2.38 

2.19 

2.37 

2.19 

2.37 

2.19 

2,37 

2.18 

2.36 

2.19 

2.36 

2.19 

2.3* 

2.16 

2.37 

2,19 

2.36 

2.19 

2.37 

2.19 

2.36 

2.19 

2.37 

2.19 

2.37 

2,20 

2. 38 

2.21 

2,38 

2.22 

2.3H 

1  ,56 

2,13 

2,07 

2,33 

2.1* 

2.37 

2,19 

2.38 

2.19 

2. 38 

2,19 

2,38 

2,19 

2.38 

2,19 

2.37 

2.19 

2,3/ 

2,18 

2.37 

2,18 

2.3/ 

2.18 

2,37 

2.19 

2,36 

2,19 

2,36 

2.19 

2.3* 

2.19 

2,37 

2,20 

2.37 

i.20 

2,3/ 

2,20 

2.3  7 

2.21 

2,36 

2.21 

2.38 

0.25 

0.40 

2,74 

3.18 

2.  78 

3.18 

2.78 

3.15 

2,77 

3.12 

2,76 

3.10 

2,  75 

3,08 

2.  74 

.3.0* 

2.73 

3,04 

2.72 

3,03 

2.7? 

3,0? 

2.  71 

3,00 

2.  71 

3.00 

2.71 

2,99 

2.71 

2.98 

2.71 

2.97 

2.  70 

2.97 

2.70 

2.9* 

2.70 

2.96 

2,  70 

2.95 

2.  70 

2.95 

'>.J4 

3,18 

2,  7%. 

3,18 

2,79 

3.1* 

2.79 

3.13 

2,77 

3,10 

2.7* 

3,08 

2,  75 

3,07 

2,74* 

3,05 

2,74 

3,03 

2,  73 

3,0? 

2.  73 

3.01 

2,  7? 

3.00 

2.  71 

3,00 

2.  71 

2.99 

?,71 

2,98 

2.71 

2,9/ 

2.  71 

2.97 

2.  70 

2, 96 

2,  70 

2.95 

2,70 

2.95 

2.70 

2.94 

Q.60  0.60 


3.^2  ?,«)» 
3.^7  3,«? 
3.4?  4,73 
3.37  3 . hb 
3.3*  3.M 
3.31  3.57 
3.?9  3.53 
3.?A  3,50 
3.2*  3.47 
3.?1  3, *5 
3.20  3.4? 
3.19  3.*0 
3.17  3,3ft 
3.1*  3,3* 

3.15  3,3* 
3,1*  3,33 
3.1*  3.3? 
3.1?  3.30 

3.11  3.29 

3.11  3,?7 


3,49  3,BR 
3,**  3. HO 

3.41  3. 71 

3.37  3, ** 

3,33  3,59 

3.31  3,55 

3.28  3,51 

3.2*  3 , *fl 

3,2*  3,4* 

3,22  3.43 

3,20  3.41 

3.18  3,39 

3.17  3,37 

3.1*  3,35 

3.15  3.34 

3.1*  3,33 

3.13  3.31 

3,12  3.30 

3,12  3,?9 

3.10  3,?fl 

3.10  3.26 


0.75  0.90 


4, ft*  7.3? 
4,55  *.?* 
*,3fl  5,75 
*,25  5,41 

4,16  5.2? 
4,08  5.03 
*,01  4,ftH 
3.94  4.78 
3.91  4, *7 
3,87  4.5fl 
3.8?  4,5? 
3.79  4.4* 
3,75  4,39 
3.73  4.34 
3.70  4,29 
3.67  *,?* 
3.65  4,20 
3.63  4,1* 
3,*0  4,1) 
3,57  4,0* 


4.8*  7,21 

4.54  *,?r 

*,35  5,70 

*,22  5,33 

*,I2  5,14 

*,04  4.98 

3.98  4,85 

3.9?  4,73 

3,88  4,63 

3.84  4,55 

3,80  4,48 

3.77  4.45 

3.74  4,39 

3.7?  4,33 

3,50  4.29 

3.67  4.24 

3,65  4.?0 

3.6?  4.15 

3.60  4,11 

3.58  4,07 

3.55  4,03 


0.95 

0.98 

9,93 

15,15 

7,80 

10,66 

*.85 

8. *6 

*.34 

7.71 

*.03 

7,20 

5.75 

6,7/ 

5,53 

6,44 

5,38 

6,16 

5.24 

5.98 

5.14 

5.81 

5.04 

5,66 

4,94 

5,56 

4  ,  h4 

5,44 

4.7* 

5,30 

4. *9 

5.23' 

4.64 

5.15 

4.59 

5,0* 

4.51 

4,98 

4,45 

4,H9 

4,38 

4,79 

9,91 

15,3? 

7,84 

10,66 

6,93 

8,89 

6,34 

7,  /ft 

5,97 

7.17 

5.68 

6.76 

5,52 

6,3/ 

5.33 

6.1* 

5.?1 

5,93 

5,08 

5,  78 

4,98 

5.59 

4.91 

5.5? 

4.fll 

5.35 

4.75 

5,31 

4.70 

5,20 

4,63 

5.14 

4.58 

5,07 

4,53 

4,99 

4,47 

4,9? 

4,42 

4,8? 

4,36 

4.74 

86 


87 


O.OB 


3,?0 

3.IA 

3,13 

3.11 

3.12 

3.13 
3,1#. 
3.19 


'  3.22 

*  S.lA 

3.15 
3,14 

3.16 

3.16 

3.17 
3,20 
3.24 


3,2fl 

3.2? 

3,19 

3.19 
3.10 

3.10 

3.10 

3.20 
3,23 
3.27 


1,30 

1.25 

1.22 

1,21 

1.21 

1.22 

1,23 

»,24 

,26 

.27 

,30 


TABIX  B-B  -  (CoatlQa*d) 
ParemtilM  of  tbo  OlotrlbutlMi  of  V 


0.10 

iL» 

SiM 

O.BO 

3.60 

4,77 

5.91 

6,06 

3,60 

4.5S 

5,45 

6,15 

3.54 

4.41 

5,22 

5.79 

3.51 

4.33 

5.04 

5. 56 

3,50 

4.20 

4.95 

5.42 

3,50 

4.23 

4.06 

5,29 

3.51 

4.21 

4.70 

5.17 

3,53 

4,10 

4.72 

5,07 

3.67 

4.75 

5,07 

6,79 

3.50 

4,53 

5.43 

6.13 

3.55 

4,39 

5,19 

5.77 

3.52 

4.30 

5.02 

5,53 

3.51 

4.26 

4,92 

5.39 

3.51 

4.23 

4,03 

5,27 

3.51 

4,20 

4,77 

5.16 

3.53 

4,18 

4.71 

5,09 

3,55 

4,17 

4.66 

5.01 

3.72 

4.77 

5,04 

6.76 

3.62 

4,52 

5,41 

6,00 

3,50 

4,39 

5.17 

5,75 

3,55 

4.31 

5.03 

5.54 

3,54 

4,27 

4,92 

5.39 

3.54 

4.24 

4,03 

5,25 

3.53 

4,21 

4.77 

5.16 

3.54 

4.10 

4.73 

5.10 

3-55 

4,17 

4,69 

5.03 

3.57 

4,  W 

4.64 

4.97 

3.74 

4,78 

5.07 

6,76 

3.66 

4.56 

5,46 

6.11 

3  •  60 

4,43 

5.20 

5,70 

3,57 

4,35 

5.05 

5,54 

3.57 

4.30 

4,95 

5.38 

3.57 

4,20 

4,06 

5,29 

3,56 

4,t'3 

4,81 

5,21 

3,57 

4,23 

4,70 

5.14 

3.56 

4.22 

4.73 

5,07 

4.21 

4.60 

5.00 

3,61 

4.20 

4,66 

4,95 

0.00 

0.70 

0.00 

0.00 

8.10 

10.93 

10.61 

27,05 

7,00 

0,87 

13,1? 

17,17 

6.47 

7,94 

11.05 

13,70 

6.15 

7,30 

9,81 

11.  06 

5,92 

6,99 

0,99 

10.66 

5,  75 

6.68 

0.49 

9,80 

5.60 

6.43 

7.97 

9.17 

5.40 

6,23 

7,57 

0.57 

7,90 

10.70 

10.19 

26.45 

6.96 

0.01 

13,02 

17.25 

6.44 

7.00 

10,99 

13.66 

6.13 

7,33 

9,79 

11.06 

5.92 

6,95 

9.03 

10,72 

5.74 

6.69 

0.43 

9,06 

5.61 

6.49 

0.02 

9.24 

5,49 

6.27 

7.67 

0.73 

5.38 

6.09 

7,36 

0,31 

7.00 

10,59 

17,59 

25.73 

6,07 

0.67 

1?.72 

16,60 

6.41 

7.79 

10.68 

13,37 

6.12 

7.26 

9,61 

11.60 

5.09 

6,09 

8,05 

10.55 

5.73 

6;63 

8.34 

9,75 

5,60 

6,44 

7.90 

9,10 

5,50 

6.26 

7.66 

0,60 

5.41 

6,12 

7,37 

0.31 

5.32 

5,97 

7,09 

7,96 

7.09 

10,60 

17.58 

25.37 

6,94 

0.75 

1?.01 

16.56 

6.43 

7.01 

10.09 

13,47 

6,14 

7.3? 

9.  71 

11.72 

5.92 

6,95 

8.97 

10.61 

5,75 

6,69 

8,46 

9,00 

5,64 

6,47 

8.02 

9.27 

5.54 

6,31 

7.72 

0.80 

5.44 

6.18 

7,46 

8,42 

5.37 

6,05 

7,21 

0.03 

5,20 

5.91 

6,99 

7,75 

0.98 


43.21 
23, 4H 
1  #,02 
16.01 
13.03 
I  1  .69 
10,02 
10,03 


43,02 
24,97 
10.  I  3 
1  5.02 
1  3,30 
I  1.00 
11.00 
10.20 
9.57 


41  .<.4 
21.41 
1  7,  15 
14.59 
1  2.65 
1  1.64 
10.90 
10,17 
9.53 
9.03 


40.20 
23.73 
17,15 
1  4 , 4  / 
1  3,04 
1  I  .  /4 
10.00 
10.25 
9,65 
9.27 
0.76 


89 


TABLE  B~S 
Paromtll**  of  tho 


ii 

■ 

0.02 

0.06 

0.10 

0.28 

0.40 

u 

3 

2,90 

3,30 

3.75 

4.75 

5.80 

4 

2,91 

3.2a 

3.88 

4.52 

5,39 

5 

2,91 

3.25 

3.82 

4.40 

5.  14 

6 

2,88 

3,24 

3,59 

4.33 

9,00 

7 

2.91 

3.23 

3.58 

4.28 

4,90 

8 

2.91 

3.24 

3.98 

4.25 

4,83 

9 

2,95 

3.25 

3.58 

4.23 

4.79 

10 

2,95 

3,28 

3.58 

4.22 

4,74 

1  1 

2.95 

3.28 

3.60 

4,20 

4,71 

12 

2.9R 

3.31 

3.61 

4.20 

4,67 

13 

3.00 

3.31 

3,62 

4.19 

4,65 

14 

3,02 

3.34 

3,63 

4.17 

4.62 

15 

3 

2.98 

1.34 

3.77 

4.78 

5.83 

4 

2.94 

3.29 

3,89 

4.55 

5,40 

5 

2.93 

3,2A 

3.64 

4.42 

5.  18 

6 

2.93 

3,26 

3.61 

4,37 

5.03 

7 

2.93 

3,25 

3.59 

4,31 

4.92 

R 

2.93 

3.25 

1.59 

4.27 

4.86 

9 

2.95 

3.28 

3,58 

4.26 

4,81 

10 

2.94 

3,27 

3.59 

4.24 

4,77 

11 

2,95 

3.26 

3,59 

4.21 

4,73 

12 

2,98 

3.29 

3,61 

4.21 

4.70 

13 

3,01 

3,30 

3,61 

4,20 

4.68 

14 

3,03 

3,32 

3.62 

4,19 

4.65 

15 

3,07 

3.35 

3.62 

4,19 

4.63 

3 

2,98 

3.36 

3,78 

4,79 

5.86 

4 

2,96 

3.32 

3,70 

4,57 

5.41 

5 

2.94 

3,30 

3.65 

4.46 

5.18 

6 

2.93 

3.29 

3,63 

4.37 

5,05 

7 

2.94 

3.28 

3,62 

4,32 

4,96 

8 

2.95 

3,28 

3.62 

4.30 

4,88 

9 

2.96^ 

3.28 

3.61 

4,27 

4,86 

10 

2,97 

3,28 

3.62 

4.25 

4,79 

11 

2,99 

3.29 

3.62 

4.23 

4,74 

12 

2.99 

3.31 

3,63 

4,23 

4,71 

13 

3.01 

3,34 

3.63 

4.21 

4.68 

14 

3.05 

3.35 

3.65 

4.21 

4,60 

15 

3,07 

3,37 

3.66 

4.21 

4,64 

16 

3,12 

3.39 

3.69 

4.20 

4,62 

-  (Centinuod) 
Dtotrlbutien  of  V 


0.80  , 

o.eo 

0.76 

0.80 

0.85 

0.88 

6.63 

7,76 

10.37 

17.23 

25.09 

39,16 

6,05 

6.83 

8.61 

12.48 

16.19 

22.41 

3.71 

6,38 

7,77 

10,64 

13.22 

16,89 

5,50 

6.07 

7.25 

9,59 

11.55 

14.29 

5.35 

5,86 

6.92 

8,88 

10.47 

12.51 

3.25 

5.72 

6,66 

8.40 

9.71 

11.54 

5.16 

5.59 

6.45 

8.00 

9,17 

10,81 

3,11 

5.52 

6.31 

7.71 

8,72 

10,06 

5,06 

5,44 

6,17 

7,46 

8.42 

9.61 

5.00 

5.36 

6.04 

7,25 

8.11 

9.25 

4,96 

5.30 

5.93 

7,03 

7.82 

8.81 

4,92 

5.24 

5.82 

6.81 

7,49 

6.45 

6.72 

7.82 

10.45 

17,15 

24,54 

38.14 

6,05 

6.82 

8,54 

12.41 

15.96 

21.82 

5.72 

6.36 

7,72 

10.56 

12.94 

16,99 

3.52 

6.09 

7.25 

9.45 

11.38 

14.24 

5.37 

5,90 

6.89 

8.81 

10,31 

12.84 

3,27 

5,73 

6.64 

8.36 

9,64 

11.58 

3,19 

5.62 

6,48 

8.00 

9,11 

10,79 

3.13 

5,54 

6,33 

7,71 

8,72 

10,06 

5,08 

5,46 

6.18 

7.48 

8,37 

9,61 

5.04 

5.39 

6,07 

7,29 

8,17 

9.24 

4,99 

5,33 

5,96 

7,09 

7,89 

8,92 

4.95 

5.26 

5.86 

6.92 

7,63 

8.59 

4,91 

5,21 

5.77 

6,70 

7,37 

8.24 

6.70 

7,78 

10,30 

17.06 

24.06 

38,50 

6.04 

6,82 

8.52 

12.49 

16.24 

23,03 

5.75 

6,37 

7,71 

10,64 

13,23 

16.90 

3,53 

6.11 

7,23 

9.53 

11.53 

14.38 

5,40 

5,89 

6,89 

8.84 

10.54 

12,97 

5,30 

5,75 

6.65 

8,39 

9.75 

11.59 

5,22 

5.66 

6,47 

8,03 

9.18 

10,96 

5.16 

5,55 

6,32 

7.71 

8,75 

10,29 

5,10 

5,48 

6.19 

7.50 

8,43 

9,76 

5.04 

5,41 

6,09 

7,27 

8,17 

9.32 

5,01 

5.36 

5,99 

7,07 

7.86 

9,04 

6,96 

5,30 

5,90 

6.93 

7.68 

8.67 

4,92 

5,24 

5.80 

6,78 

7,46 

6,39 

4.88 

5.17 

5.72 

6.60 

7,26 

8.10 

90 


TABLE  B-8  -  (Continued) 


n 

a 

o.oa 

O.OB 

17 

3 

2,97 

3,37 

4 

2.97 

3,32 

5 

2,96 

3,30 

6 

2.95 

3.28 

7 

2.96 

3.29 

e 

2.97 

3,28 

9 

2.97 

3.29 

10 

2,98 

3.30 

11 

2,99 

3,31 

12 

3.01 

3,33 

13 

3.03 

3.34 

14 

3.04 

3.35 

15 

3,05 

3.37 

1 6 

3,09 

3.39 

17 

3.12 

3.41 

Peroentlle.  of  the  Dletribution  of  V 


0»H>  0.25 


0-<0  0.50  o.ao 


08 

0.75 


3,76 

3.70 

3.66 

3.63 

3.63 

3.61 

3.61 

3.61 

3.62 

3.63 
3.63 
3.66 

3.66 

3.67 
3.66 


*.71 
*.51 
*.*2 
*.36 
*.  30 
*.27 
*.?5 
*.23 
*.22 
*.21 
*.21 
6.19 
*.19 
*.19 
*.18 


•>.69 

5.32 

5.12 

5.01 

*.9o 

*.63 

*.79 

*.76 

*.71 

*.69 

*.*6 

6.66 

*.*2 

*.60 

*.58 


6,50 

5.0* 

5.65 

’.*7 

5.34 

5.23 

5.17 

5.12 

5.06 

5,01 

*.97 

*.‘»3 

*.91 

*,87 

*.84 


7,56 

6,71 

6,27 

6.03 

5.83 

5.69 

5.58 

5.50 

5.62 

5.36 

5.30 

5.25 

5.21 

5.  I  7 

5.12 


10.06 

8.36 

7.62 

7.14 

*.83 

6.58 

6.39 

6,25 

6.13 

6,02 

5.93 

5.85 

5.79 

5,71 

5,63 


0.90 


16.55 

11,93 

10,23 

9,32 

8.70 

6.25 

7.91 
7.66 

7.62 
7.22 
7,05 

6.91 

6,  n 

6.62 

6.68 


0.95 


23.5/ 
15,56 
12.58 
11.13 
10,18 
9,56 
9,07 
8.70 
8.33 
8,08 
7 . 86 
7.67 
7,65 
7,29 
7.11 


0.9§ 

3/, 77 
21,68 
16,36 
13,  /9 
12.33 
11,60 
1  0,65 
10,01 

9.63 
9.21 
8.92 

8.63 
8,29 
6,04 
7.84 


18  3 

4 

5 

6 

7 

8 
9 

10 
1  I 
12 

13 

14 

15 

16 

17 

18 


3.03 

3,03 

3.01 

3.00 

3.00 

3.01 

3,03 

3.04 

3,04 

3,05 

3,06 

3.08 

3.11 

3.13 

3.16 

3.19 


3.38 

3.35 

3.35 
3.33 
3.33 

3.33 

3.33 

3.34 

3.34 

3.35 

3.37 

3.38 

3.39 
3,61 
3.43 
3. *7 


19  3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
19 


3,03 

3.05 

3,03 

3.02 

3,02 

3.02 

3.03 

3.03 

3.06 

3,07 

3,08 

3.09 

3.10 

3.13 

3.14 
3,17 
3,20 


3,40 

3.37 

3.36 

3.34 
3.33 
3.33 
3.33 

3.36 

3.35 

3.37 

3.38 

3.38 
3,60 

3.62 

3.63 
3.66 
3.46 


3,78 

3.72 

3.68 

3.66 

3.65 

3.65 

3.64 

3.66 

3.64 

3.66 

3.67 
3,67 
3,66 
3,69 
3, TO 
3.73 


3,79 

3.73 

3.69 

3.66 

3.66 

3.64 

3.65 

3.64 

3.65 

3.65 

3.65 

3.66 

3.67 

3.68 

3.69 

3.71 

3.72 


*.72 
*.55 
*.44 
4.37 
*,  33 
4,30 
*.27 
*.26 
*.25 
*.25 
*.23 
*.21 
*.21 
*.21 
*.20 
*.20 


*.73 

*.55 

*.43 

4.36 

*.33 

*.29 

*.26 

*.25 

*.24 

*.23 

*.22 

*.21 

*.22 

*.21 

*.21 

*.21 

*.21 


5.69 

5.33 

5.14 

5.01 

*.93 

*,87 

*,82 

*,77 

*.74 

*.T1 

4,68 

4,67 

*.65 

*.64 

*.61 

*.60 


5.72 
5.35 
5.14 
5.01 
*,93 
*.87 
*,80 
*.76 
*.72 
*.70 
*.68 
*.66 
*  .  64 
*.6S 
*.62 
*.60 
*.59 


6.50 

5.94 

5,67 

5.47 

5.35 

5.28 

5.19 

5,15 

5,08 

5,03 

4.99 

4,97 

*.94 

4,91 

4,88 

4.86 


6,52 

5,95 

5,65 

5.47 

5,36 

5,25 

5,18 

5.11 

5,07 

5,03 

4,99 

4,96 

4.93 

4,90 

4,88 

4.86 

*.83 


7.53 

6.72 
6.29 
6.04 
5.86 

5.73 
5,61 

5.54 
5,47 
5,39 
5,34 
5.29 
5,25 
5,22 
5,17 
5.13 


7,53 

6,70 

6.27 
6,01 
5.83 
5,69 
5,59 
5.52 
5,44 
5.39 
5,33 

5.28 
5,24 
5,20 
5.16 
5.14 
5.10 


9.^7 

8.32 

7.61 

7,15 

6,84 

6.60 

6,46 

6,31 

6,20 

6.09' 

5,99 

5,90 

5,82 

5,76 

5,69 

5,63 


9,96 

8,27 

7.54 

7,10 

6,80 

6,58 

6.40 

6.26 

6,15 

6.05 

5.97 

5,89 

5.81 

5.76 

5,70 

5.64 

5.57 


16,20 

12.10 

10.29 

9.34 

8,80 

8,28 

7,97 

7.63 

7.45 
7,26 
7,10 
6,95 
6,H2 
6.68 
6.57 

6.45 


16,57 

11.98 

10.29 

9.28 

8,65 

8,25 

7.93 
7,63 
7.42 
7.22 
7,06 

6.93 
6,79 
6.70 
6.59 
6,49 
6,38 


?3,42  38.75 

15,75  21,93 

1^.75  16,76 

11.10  14,07 

i0.t7  12.25 

9.62  11,30 

9.12  10.71 

8.69  10,04 

8.34  9,69. 

8.11  9.24 

1.92  8.84 

7.70  8,60 

7.50  8,32 

7,37  8,15 

^.19  7,94 

7.04  7.75 


^3.13  36,55 

15.31  21,70 

1^.70  16,31 

11.15  13.95 

10.16  12.41 

9.52  n.3.> 

9.09  10.6! 

8.67  10,08 

8.34  9,70 

8.13  9.34 

7.88  8,99 

7.69  8.63 

7.49  8.46 

7.35  8,19 

7.23  8,01 

7,08  7.84 

8.91  7.60 
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TABLE  B-5  -  (Continued) 
Percentiles  of  the  Distribution  of  V 


jn 

m 

0.02 

0.05 

0.10 

0.25 

0.40 

0.50 

0.60 

0.75 

0.90 

0.95 

0.98 

?0 

3 

3.01 

3,39 

3.79 

4.72 

5.67 

6,42 

7,38 

9,80 

16.16 

23,55 

37,26 

4 

3,02 

3,37 

3,73 

4.54 

5.32 

5.93 

6,66 

8,21 

11,97 

15,38 

21,61 

5 

3.03 

3,36 

3.70 

4.44 

5.13 

5,64 

6,26 

7,53 

10.15 

12.57 

16.40 

ft 

3,02 

3.34 

3,67 

4,38 

5,01 

5,46 

6,01 

7,08 

9,17 

1  1.05 

14.08 

7 

3,02 

3.34 

3,66 

4,33 

4,93 

5,35 

5.8? 

6.78 

8,63 

10.10 

12.40 

8 

3,03 

3,35 

3,66 

4.30 

4,85 

5,25 

5.68 

6.53 

8,18 

9.55 

11.47 

9 

3.04 

3.34 

3,65 

4.28 

4,80 

5.17 

5.58 

6,36 

7.86 

9.02 

10,65 

10 

3.04 

3.35 

3,65 

4.26 

4.76 

5.12 

5,50 

6,24 

7.59 

8.61 

10,0? 

11 

3,06 

3.36 

3,66 

4.25 

4.73 

5.06 

5,45 

6.12 

7,37 

8.35 

9.57 

1? 

3,08 

3,38 

3,66 

4.24 

4.70 

5,03 

5.38 

6,03 

7,20 

8,08 

9,28 

13 

3,09 

3,38 

3,81 

4.23 

4.68 

4,98 

5.33 

5.95 

7,01 

7,86 

9,02 

14 

3.11 

3,40 

3.67 

4.22 

4.6% 

4,95 

5,26 

5.87 

6,89 

7,66 

8,7,8 

15 

3,12 

3.41 

3,69 

4.21 

4,63 

4.92 

5,23 

5,80 

6.  r9 

7,49 

8,44 

1  ft 

3.14 

3.42 

3,70 

4.21 

4,62 

4,89 

5.20 

5.74 

6,67 

7.34 

8.23 

17 

3,16 

3,44 

3.71 

4.20 

4.61 

4,87 

5.16 

5,69 

6,57 

7.22 

7,98 

IR 

3.1R 

3,46 

3.72 

4.20 

4,60 

4,86 

5.13 

5,63 

6,47 

7,07 

7,82 

19 

3,21 

3.47 

3.73 

4.21 

4,58 

4,84 

5.11 

5,57 

6.38 

6.96 

7,64 

20 

3.24 

3,49 

3.74 

4.21 

4.57 

4,81 

5,06 

5,52 

6,25 

6,80 

7,48 

21 

3 

3.05 

3,40 

3,79 

4,70 

5,66 

6,42 

7,38 

9,68 

16.03 

22,96 

36,3  3 

4 

3,08 

3.39 

3,74 

4,53 

5.31 

5.91 

6,61 

8,15 

1 1  ,66 

14,96 

20,  76 

5 

3,05 

3,37 

3,69 

4.44 

5.13 

5,64 

6,23 

7,46 

10,16 

12,46 

16.03 

6 

3,05 

3,35 

3,67 

4,36 

4,99 

5,45 

5.97 

7,03 

9.2? 

10,99 

13.71 

7 

3,05 

3,35 

3,66 

4,32 

4,92 

5.33 

5,82 

6,75 

8,5/ 

10,02 

12.10 

R 

3,05 

3,35 

3,66 

4.29 

4.85 

5,25 

5,68 

6,54 

8.17 

9,45 

11.25 

9 

3,06 

3,35 

3,65 

4.28 

4,80 

5,16 

5,58 

6,38 

7.91 

8,97 

10.54 

10 

3,07 

3.35 

3 , 66 

4,26 

4.77 

5,11 

5.50 

6,25 

7,62 

8,62 

10,00 

11 

3,08 

3,36 

3,66 

4.25 

4,74 

5,07 

5.44 

6,13 

7,44 

8,34 

9,64 

12 

3,09 

3,36 

3,67 

4.24 

4,71 

5,03 

5.38 

6,06 

7.27 

8.11 

9.23 

13 

3,10 

5,38 

3.68 

4.23 

4,68 

4,99 

5.33 

5,98 

7,10 

7,88 

8,94 

14 

3,12 

3,39 

3,67 

4,22 

4,66 

4,96 

5,29 

5,90 

6,96 

7,7? 

8,70 

15 

3.14 

3,40 

3,68 

4,21 

4,64 

4,93 

5,25 

5,83 

6,83 

7.55 

8,49 

16 

3,16 

3,42 

3,69 

4.21 

4,63 

4.90 

5,20 

5,78 

6,72 

7.37 

8,2  3 

17 

3.17 

3,44 

3,69 

4,20 

4,62 

4,89 

5.17 

5.7? 

6,61 

7.24 

8,04 

18 

3.19 

3.45 

3,71 

4,20 

4,60 

4,86 

5,15 

5,66 

6,52 

7.10 

7,89 

19 

3,21 

3.47 

3.72 

>.21 

4,60 

4,85 

5,12 

5,60 

6,42 

7,00 

7,72 

20 

3,24 

3,49 

3,74 

/  4,20 

4,59 

4,83 

5,09 

5.56 

6,32 

6,87 

7,58 

21 

3.27 

3.51 

3,75 

4,21 

4,57 

4,31 

5,06 

5.51 

6,2? 

6,73 

7.42 

\ 
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PtrotntilM  of 


0.26 


4,67 

4,62 
4.42 
4,  36 
4,32 
4.26 
4.26 
4.24 
4.23 
4.23 
•*.22 
4.22 
4.22 

4.21 

4.22 
4.21 

4.21 

4.22 
4.22 
4.22 


TABLE  B-6  -  (Co&tlnuod) 
tlio  Olotrlbutlon  of 


0.40 


6.60 

5. 24 

5.09 

4.97 

4,9n 

4,«3 

4,79 

4.76 

4.72 

4.69 

4,67 

4.66 

4,64 

4.63 

4.61 

4,60 

4,60 

4,59 

4.50 

4.57 


S.  n  0.02 

3  3.06 

4  3.10 

5  3,09 

6  3,08 

7  3,08 

A  3.08 
^  3.09 

10  3.09 

11  3,10 

1?  3.12 

13  3.14 

14  3.15 

15  3.16 

14  3.17 

17  3,18 

1«  3.19 

19  3.2] 

20  3.24 

21  3,25 

22  3.29 


?3  3  3,10 

4  3.12 

5  3,11 

4  3,10 

7  3,09 

«  3,09 

9  3,09 

10  3.09 

11  3.10 

12  3,11 

13  3,13 

14  3,14 

15  3.16 

14  3.16 

17  3.19 

18  3,20 

19  3.21 

20  3.23 

21  3.24 

22  3,26 

23  3.30 


0.06 

0.10 

3.42 

3.80 

3,41 

3,76 

3.38 

3,71 

3.36 

3.69 

3.36 

3.67 

3,38 

3.67 

3,38 

3.68 

3.38 

3,67 

3.38 

3,67 

3,40 

3.68 

3.42 

3.68 

3.42 

3.69 

3,43 

3,70 

3.44 

3.71 

3.45 

3.71 

3.47 

3.72 

3.47 

3.73 

3.49 

3.74 

3.51 

3,  75 

3.53 

3.77 

3.45 

3.82 

3,43 

3,77 

3.41  3,72 

3.39  3,69 

3.38  3,69 

3.38  3.68 

3.38  3.68 

3,38  3,68 

3.40  6,69 

3.40  3,69 

3.41  3,/o 

3.42  3.70 

3.44  3,70 

3.44  3,70 

3.45  3.71 

3.47  3,72 

3.47  3.72 

3j48  3.73 

3.49  3,74 

3.51  3,76 

3.53  3.76 


4.71 

5.61 

4,53 

5,31 

4.46 

5.11 

4,39 

5,00 

4.34 

4.91 

4.31 

4,85 

4.29 

4,81 

4,27 

4,77 

4.26 

4.76 

4.25 

4.7? 

4.25 

4.69 

4.23 

4,67 

4.22 

4,66 

4.23 

4,66 

4.22 

4.62 

4.22 

4,61 

4.22 

4,60 

4.22 

4.59 

4.22 

4,58 

4,22 

4,57 

4.22 

4.56 

0.80 

0.60 

6.38 

7,33 

5,87 

6.56 

5,60 

6,19 

5.43 

5.96 

5.31 

5,79 

5.24 

5.67 

5.17 

5.57 

5.11 

5,50 

5,07 

5.66 

5,01 

5,37 

4,98 

5.32 

4,96 

5,28 

4.96 

5.25 

4,90 

5,20 

4,88 

5,17 

6.86 

5,15 

4,85 

5.12 

4.83 

5,09 

4,82 

5.07 

4,81 

5,06 

6,36 

7.33 

5,87 

6.57 

5,62 

6.21 

5,66 

5,96 

5.30 

5,78 

5.23  5,64 
5.16  5.55 
5,11  5.47 
5,06  5,41 
5.02  5,36 
4.99  5,31 
4.96  5,27 
4.92  5,24 
4,91  5,20 
5.89  5.17 
4.87  5.15 
4.85  5,12 
4,83  5.09 
4,82  5,07 
4,80  5.05 
4.79  5,02 


.98 


0.76 

0.90 

9,61 

15,80 

8.12 

1  1  ,67 

7.62 

10.06 

6.98 

9.18 

6,76 

8.65 

6,56 

8,18 

6,37 

7,85 

6.23 

7,58 

6.16 

7.36 

6,05 

7.19 

5,95 

7.05 

5,88 

6,91 

5,81 

6.  79 

5.76 

6,68 

5.70 

6,60 

5.65 

6,51 

5,61 

6,66 

5,57 

6,36 

5.53 

6,27 

5,68 

6.18 

9.63 

15,57 

8,18 

n,82 

7.65 

10,  1  1 

7,00 

9,07 

6,70 

8,56 

6.69 

8.13 

6,3  3 

7,83 

6,20 

7,5h 

6,10 

7,36 

6.01 

7,16 

5,92 

7.04 

5,86 

6.92 

5,80 

6. HO 

5,75 

6.68 

5.70 

6,62 

5.65 

6,53 

5.61 

6,63 

5,57 

6.36 

5.52 

6,28 

5,50 

6,22 

5.65 

6,16 

0.95 

0.98 

22,00 

34.81 

15,09 

20.79 

1?.25 

16,00 

10,91 

1  5,39 

10,07 

17.18 

9,60 

11.20 

8.97 

10,51 

8.61 

9,89 

8.29 

9,53 

8.06 

9,18 

7.85 

8,87 

7,66 

8,67 

7.68 

8.63 

7.35 

8.21 

7.19 

8,03 

7.11 

7.87 

7,00 

1.1? 

6,87 

7,58 

6.77 

^43 

6,65 

7,25 

21.97 

35,  77 

15.36  21.34 

12. 46  16. 45 

10.93  13.64 

10.01  12,34 
9.40  11.19 

8,93  10,45 

8.55  9,95 

8,27  9.48 

8,02  9,08 

7.83  8,80 

7.66  8,63 

7,47  8,36 

7,35  8,16 

7.23  8,00 

7.10  7.90 

2.01  7,7.3 

6.92  7.57 

6,80  7,46 

6.72  7.32 

6.61  7.17 
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TABLE  B-5  -  (Concluded) 
Percentiles  of  the  Distribution  of  V 


m 

0.02 

0.05 

0.10 

0.25 

0.40 

0.50 

0.60 

0.75 

0.90 

0.05 

0.98 

3 

3.10 

3,46 

3,83 

4.67 

5.57 

6,32 

7,27 

9,56 

15,36 

22,10 

34 , 39 

4 

3.13 

3,44 

3,78 

4.52 

5,24 

5,82 

6,53 

8,10 

11,62 

14.93 

20,76 

5 

3.12 

3,41 

3,73 

4.44 

5,09 

5,59 

6,20 

7,45 

10,09 

12,23 

15.75 

6 

3.11 

3,40 

3,71 

4.38 

4,99 

5,43 

5,96 

7,03 

9,16 

10,80 

13.44 

7 

3.11 

3.39 

3,70 

4.34 

4,92 

5,33 

5,79 

6,72 

8,53 

9,97 

12,10 

8 

3.11 

3.39 

3,69 

4.31 

4,85 

5.24 

5,68 

6,52 

8.12 

9,34 

11.18 

9 

3.11 

3,40 

3,69 

4,29 

4,81 

5,17 

5.57 

6,36 

7,80 

8,90 

10. 3f 

10 

3.11 

3,39 

3,69 

4.27 

4,77 

5,10 

5,49 

6,23 

7.55 

8,52 

9.94 

n 

3,10 

3,40 

3.68 

4.26 

4,74 

5,07 

5.43 

6.11 

7,35 

8.26 

9.49 

12 

3.11 

3,40 

3,69 

4.25 

4,72 

5,03 

5.37 

6,03 

7,19 

8,04 

9.11 

13 

3.13 

3,41 

3,69 

4.25 

4,70 

4,99 

5,32 

5,95 

7,07 

7,86 

8.84 

14 

3.14 

3,43 

3.69 

4.24 

4.68 

4,97 

5.29 

5,89 

6.91 

7,66 

8,55 

15 

3,16 

3.43 

3,71 

4.25 

4,66 

4,95 

5,26 

5,82 

6,79 

7,47 

8.30 

16 

3. IT 

3,44 

3,71 

4.24 

4,65 

4,93 

5,23 

5,77 

6,70 

7,34 

8,16 

17 

3.19 

3,44 

3,72 

4.24 

4.64 

4,91 

5,20 

5,74 

6,60 

7,25 

7,99 

18 

3,19 

3,46 

3,73 

4,23 

4.62 

4,88 

5.17 

5,69 

6,53 

7.12 

7.83 

19 

3.22 

3,48 

3.74 

4.23 

4,62 

4,87 

5.14 

5,64 

6,44 

7,00 

7,72 

20 

3.23 

3,49 

3,74 

4.23 

4,61 

4,85 

5,12 

5.59 

6,38 

6.91 

7,53 

21 

3,25 

3,50 

3,75 

4,23 

4.60 

4.83 

5,10 

5.54 

6,30 

6,81 

7,47 

22 

3,27 

3.52 

3,76 

4,23 

4,58 

4.81 

5.06 

5,52 

6,22 

6,74 

7,36 

23 

3,28 

3,53 

3,77 

4.24 

4,58 

4,80 

5.03 

5,48 

6,15 

6,63 

7,24 

24 

3.31 

3,55 

3,79 

4.24 

4,57 

4,78 

5,02 

5,43 

6,09 

6,54 

7,11 

3 

3.09 

3,47 

3,87 

4.71 

5,59 

6.31 

7,24 

9,40 

15.23 

21,80 

34,84 

4 

3.14 

3.45 

3,80 

4.56 

5,27 

5,02 

6,50 

8,00 

11,51 

14,84 

20.21 

5 

3.12 

3,44 

3,77 

4.47 

5.11 

5,58 

6,15 

7,34 

9,81 

12,21 

15,64 

6 

3.12 

3,44 

3,74 

4,43 

5,01 

5,44 

5,94 

6,97 

9,00 

10.75 

13,41 

7 

3.11 

3,43 

3,73 

4.37 

4,92 

5,32 

5,80 

6,70 

8.45 

9,92 

11.90 

8 

3,13 

3.42 

3.72 

4,34 

4,87 

5,24 

5,67 

6,48 

8,03 

9,28 

11,01 

9 

3.13 

3.42 

3,71 

4,32 

4,83 

5,17 

5,57 

6.33 

7.75 

8,88 

10,46 

10 

3,13 

3.43 

3.72 

4.30 

4,79 

5,12 

’  5,50 

6,22 

7,51 

8.51 

9,95 

11 

3,13 

3.43 

3.71 

4.29 

4,76 

5,07 

5,43 

6.11 

7,32 

8,26 

9,52 

12 

3,15 

3,43 

3,71 

4.26 

4,72 

5,05 

5,38 

6,03 

7,16 

8,04 

9,15 

13 

3.16 

3.44 

3,72 

4.25 

4,70 

5,00 

5,34 

5,94 

7,03 

7,82 

8,90 

14 

3,17 

3.45 

3.72 

4.25 

4,69 

4,97 

5,30 

5,88 

6,90 

7,64 

8.68 

15 

3.18 

3,46 

3,72 

4,24 

4,67 

4,95 

5,26 

5,83 

6.  78 

7.47 

8,42 

16 

3.18 

3,47 

3,73 

4.24 

4,66 

4,93 

5,22 

5,76 

6,69 

7,35 

8,23 

17 

3,20 

3,48 

3,74 

4.24 

4,65 

4,91 

5,19 

5,72 

6.63 

7,26 

8,03 

18 

3,23 

3,48 

3,75 

4.23 

4,63 

4.90 

5,17 

5,68 

6.54 

7,14 

7,88 

19 

3,24 

3,49 

3.75 

4,24 

4,62 

4,87 

5,14 

5,63 

6,45 

7.03 

7,70 

20 

3,25 

3,50 

3.75 

4.24 

4,61 

4,85 

5.11 

5,58 

6.38 

6.91 

7.57 

21 

3,26 

3,52 

3,77 

4,24 

4,60 

4,84 

5,09 

5,55 

6,32 

6.82 

7.45 

22 

3.27 

3.54 

3,78 

4.24 

4,58 

4,82 

5,07 

5,51 

6.25 

6,75 

7,35 

23 

3.30 

3,55 

3,79 

4,24 

4,58 

4,81 

5,05 

5,47 

6.18 

6.68 

7,26 

24 

3,31 

3,57 

3.80 

4.23 

4,58 

4,79 

5.02 

5,45 

6.13 

6,58 

7.19 

25 

3.33 

3,58 

3.82 

4,23 

4.57 

4,78 

5.00 

5,41 

6.07 

6.51 

7,07 

